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In this thesis, we build a structural model for the private residential property market in 
Singapore. The model contains five behavioral equations and two identities, based on an 
adaptation of the traditional stock-flow framework. It is able to account for the private 
housing demand, private and public housing supply and vacancy conditions in the market. 
Given the good performance of the model, we carry out scenario analyses to investigate the 
impact of several policy variables. Beyond studying the housing market mechanism in a 
structural way, we develop a new index to assess the affordability of private housing in 
Singapore. Different from the commonly used measure that compares property price with 
current income, this new index links property price to household life time income. It 
addresses the issue that housing choice, though likely to be curbed by short-run financing 
restrictions, should be a decision based on assessment of long-run income. The index helps us 
to see how the affordability of private residential housing evolves over the years in Singapore. 
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Chapter 1 Introduction 
Singapore is a densely populated city-state. With a 4.59 million population on the 683 square 
kilometers, housing need is one of the key social indicators in the country and is well 
managed by the Government. Home ownership is an important element of the government’s 
housing policy. As recorded in then Prime Minister Lee Kuan Yew’s autobiography: “My 
primary preoccupation was to give every citizen a stake in the country and its future. I 
wanted a home-owning society.” The Singapore housing market is segmented into three sub-
markets: the HDB new flat market, the HDB resale market and the private residential 
property market. Public housing sector, as the dominant sector, accounted for 79% of the total 
housing stock in 2006. It also accommodates 82% of the total population. Public home-
ownership reached the very high 84% by the end of 2006 (Yearbook of Statistics, Singapore 
2007). The private residential property sector, though it accounts for only a small proportion 
of the total housing stock, claims almost half of the nation’s housing wealth (Phang, 2001).  
The country’s housing policy has experienced several regimes. Housing and 
Development Board (HDB) was established in 1960 and it serves as the public housing 
supplier in the market. HDB sells new flats to citizens at a heavily subsidized price to 
promote high home-ownership. In 1968, the introduction of the Approved Housing Scheme 
greatly facilitated local households to finance their purchase of HDB flats through the Central 
Provident Fund 1  (CPF). This scheme was further extended to the purchase of private 
properties in 1981. Income ceilings were set for the new housing flats, in an attempt to make 
sure that the subsidy goes to the needy households. In 1989, the government relaxed the 
eligibility of HDB flats, that private property owners were allowed to purchase HDB flats 
from the resale market. The market was further liberalized in 1991, that HDB dwellers can 
                                                 
1 CPF is the country’s pay-as-you-go social security system, that both employees and employers 
contribute to an individual’s account according to his/her salary level.  
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use their CPF savings for private property purchase after staying in the flats for at least five 
years. The provision of cheap funds and the removal of institutional barriers has greatly 
increased the interaction between the public and the private housing markets and motivate a 
lot of households to upgrade from HDB flats to private properties. A detailed housing policy 
summary is given in Appendix C.  
This thesis focuses on the top tier of the Singapore housing market, the private 
residential property market. In an attempt to study the market mechanism in a structural way, 
we build an econometric model that contains a demand equation, a supply equation and some 
other equations regarding the market adjustment process. After fitting each equation 
separately, we link them together into a simultaneous system and find numerical solution for 
the endogenous variables as a whole. The reason for fitting each equation individually instead 
of fitting them together in the model is because a poor fit or data problem in one single 
equation may spread out within the model system and bias the estimates of other equations as 
well. Due to different purposes and data availability, we may have different sample periods in 
each equation. For example, the sample period for the long-run price equation is 1980Q1-
2007Q2, a quarterly time series of size 110. We need a long time span to study the long-run 
movement of the property price and explain the long-term trend in the price. However, for the 
short run price adjustment equation, the sample period is 1995Q2-2007Q2, much shorter 
compared to the long-run price equation. This is partly because of data paucity, that we only 
have data on the sub-sale rate from 1995 onwards. And the use of this short-run price 
equation is to study the price adjustment in the short run, so that whenever there is new data 
available, we can update the equation promptly. Most of the equations are established in the 
error correction model (ECM) format. We also use Johanson ML estimation to check the 




After each equation is fitted, we combine the individual equations and do the 
simulation using Eviews 6.0. As it is impossible to solve the non-linear system analytically, 
we use the Gauss-Seidel procedure to find the numerical solutions for the model variables. 
The simulation we carry out here is called “historical simulation”. Our object is to find 
solutions for the endogenous variables and check how well the simulation solution tracks the 
actual data during the simulation period. We carry out both the static and the dynamic 
simulations. The static simulation uses actual value in the previous period to solve for the 
endogenous variables in the current period, while the dynamic simulation uses solved values 
in the previous period to solve for the same variable in the current period.2 As mentioned in 
Pindyck and Rubinfeld, 1993) and many other econometric textbooks, a model containing 
well fitted individual equations may nevertheless provide simulation results that do not track 
the actual data well. This is due to the dynamic structure of the system when individual 
equations are simultaneously connected. We use three statistics to check the model validity 
before moving on to the scenario analysis where we study how endogenous variables in the 
model react to shocks given to some of the exogenous variables.  
In the second half of the thesis, we suggest a new housing affordability measure to 
investigate private property affordability in Singapore. This affordability measure addresses 
the issue that housing choice should be made out of self-assessment of permanent income, 
rather than current income. Almost all of the existing housing affordability measures focus on 
the short-term housing affordability, our measure provides a long-run perspective to look at 
this issue. According to the results found, pertinent policy suggestions are made.  
Chapter 2 is the literature review of the existing housing models. In chapter 3, we 
build up the econometric model for the private residential property market. Simulation and 
scenario analysis are carried out in this chapter. Chapter 4 introduces the new affordability 
                                                 
2 The simulation exercise carried out here is similar to what Abeysinghe and Choy (2007) did for the 
ESU Singapore model. A detailed simulation methodology is provided in the book.  
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measure that accounts for the long term income. Chapter 5 concludes the whole thesis. A 
technical note on a specific form of ECM, a data description and a housing policy summary 







































Chapter 2 Literature Review 
Housing as a peculiar durable good has been heavily studied by economists. Instead of 
digressing too much into this literature, we review several major models in this chapter and 
present the main conclusions economists have reached with regard to the housing market. 
Our focus will be on demand and supply analysis and the market adjustment process.  
 
2.1 First generation model 
Muth (1960) is one of the first articles that examined the demand for and supply of housing as 
a durable good. He considered the uniqueness of durable goods3 and distinguished demand 
for housing as stock demand and flow demand. He referred to stock demand as the stock of 
housing that people desire to hold, which is determined by price, income and other demand 
related variables. Flow demand, the purchase of new houses, is specified as a proportion of 
the gap between desired stock and existing stock.4 Muth’s demand function yielded a price 
elasticity of demand as -0.904 and income elasticity of demand as 0.879. Though Muth (1960) 
is an insightful piece of work, looking at the housing market in a structural way, there are 
several problems with the model as we discuss in the following.  
 
(i) Supply side 
With his main focus on the demand side of housing, Muth assumed supply to be highly 
elastic by estimating two regressions. He first regressed housing supply, measured by total 
construction output, on house price and other cost related variables, then reversed the 
regression by treating price as the dependent variable. He found no significant relationship 
                                                 
3 Unlike non-durable goods, durable goods last for more than one period. Therefore, demand for 
durable goods for current period may be affected by the stock retained from last previous period. 
(Thomas, 1993, Ch. 9) 
4 If flow demand is completely adjusted in the current period, the proportion will be unity. 
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between price and output in both regressions, hence concluded that supply is highly elastic 
(Follain, 1979 got similar results for his supply equation). However, as pointed out by Stover 
(1986) and Malpezzi and Maclennan (2001), there is no sufficient reason for Muth to reach 
the conclusion of a highly elastic housing supply. They explained that in a perfectly elastic 
supply case, the estimated coefficient of price is close to zero because the true slope is zero (a 
flat supply curve), while in the perfectly inelastic supply case, because of the insufficient 
variation in the quantity supplied, price coefficient will not be significantly different from 
zero as well (a vertical supply curve).This argument later on triggered a large body of 
literature on the analysis of housing supply, which will be discussed later.  
 
(ii) Disequilibrium 
Though Muth (1960) theoretically built the incomplete adjustment process of the flow 
housing demand into his model, he used an index of residential construction cost as the house 
price measure. Olsen (1987) criticized that Muth (1960) actually implicitly assumed that the 
market is in equilibrium, otherwise price would not be equal to the average cost. Also noticed 
by Fair (1972) in his survey article on several models of housing and mortgage market, 
disequilibrium phenomenon of the housing market, though well acknowledged by economists, 
is not adequately captured in the model. We will show in the following how the later studies 
filled this gap.  
 
2.2 Several significant factors in housing economics 
Before moving on to the next generation of models, it is helpful to first look at some factors 
that were missing in Muth (1960)’s stock-flow model. We review their significance in 




2.2.1 User cost 
The housing boom in the 1970s together with high inflation in the U.S. attracted economists 
to study the impact of changes in the expected inflation on house price and equilibrium 
housing stock. Economists argued that because mortgage payment is tax-deductible and 
capital gain is untaxed, home owners bear only a fraction of the higher interest payments 
induced by the higher inflation rate. Therefore, an increase in inflation reduces the real user 
cost of home-ownership. User cost here is a “comprehensive” measure because there is no 
observable price of housing services that landlords buy from their owner-occupied houses 
(Smith, Rosen and Fallis, 1988). Kearl (1979) first empirically incorporated the user cost of 
home-ownership into his housing demand function (See also Dougherty and Van Order (1982) 
for a theoretical derivation). After that, the user cost component adopted by many studies 
settled to the following specification (Mankiw and Weil, 1989), Dipasquale and Wheaton,  
1992, 1994, Hwang and Quigley, 2004 among others): 
[ ( )(1 ) ( / )]pUC i t E P P Pδ θ= + + − − Δ ,       (2.1) 
where P is the house price or house value, δ is the depreciation rate, θ  is the marginal 
income tax rate, i  and stand for the nominal mortgage rate and the property tax rate 
respectively. 
pt
( / )E P PΔ accounts for the expected housing price appreciation. Economic 
intuition for Equation (2.1) is that the mortgage rate, the property tax rate and the 
depreciation rate increase the user cost of home-ownership while capital gain reduces it. 
Marginal income tax enters the specification because property taxes and mortgage payments 
are tax deductible while capital gains are untaxed, therefore user cost is lower at a higher 
marginal income tax rate, keeping other variables unchanged. 5
                                                 
5 Empirically not all housing units receive the same tax treatment and tax scheme may change over 
time. For example in Singapore, during the 1994-1996 housing boom, the government introduced the 
capital gain tax in 2Q 1996 to cool down the market. Capital gain derived from short-term transactions 
is subject to capital gain tax. The government repealed this tax scheme in 2002. In the general form of 
user cost, we hold the assumption that capital gains are not taxed.  
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Equation (2.1) is widely used, though there are some criticism on this specification. 
Equilibrium in the market requires that the user cost of home-ownership should equate 
marginal value of rental services yielded from the house. Follain, Hendershott and Ling (1992) 
found a very low correlation (0.17) between the user cost of owner-occupied houses and the 
real rental. They attributed this puzzle to the imperfection of the user cost specification. The 
house price appreciation term in the user cost specification leaves door open for different 
expectation formations, to which we will now turn.  
 
2.2.2 Expectation 
There is no generally accepted way to measure consumer’s expectation. As summarized in 
Malpezzi and Wachter (2002), the most common forms of expectation used in the housing 
literature are: myopic expectations, perfect foresight, rational expectations and adaptive 
expectations. Myopic expectations refer to the cases that people move ahead blindly. Its 
opposite extreme is perfect foresight that people know what will happen in the future. In 
between, adaptive expectations are the cases where people are backward looking and rational 
expectations are the cases where people may not be perfectly right in their forecast, but will 
make use of all information available now about the future to shape their anticipation. We 
focus more on the latter two cases.   
A number of studies looked on evidences for whether the housing market is forward-
looking or a replay of the history. Mankiw and Weil (1989) simulated an intertemporal model 
and suggested that “naïve expectation”, where market expects no capital gains, works better 
than a rational expectation formation. Case and Shiller (1989) and Clayton (1996) got similar 
results to reject the rational expectation hypothesis for housing markets in the U.S. and 
Canada. They provided strong evidence for the case that households look at previous price 
movement to form expectations (see also Poterba, 1991). However, Dipasquale and Wheaton 
 8
(1994), though not an explicit test of price expectation, applied both rational6 and backward-
looking price expectations in their user cost component. They found that both formations are 
accepted by the model with the former working a little bit better in terms of goodness of fit.  
Expectation in the supply side is also examined by many studies. Maisel (1963) is 
one of the first who looked into builder’s expectations. He argued that because of the long 
interval between the start of construction and the final sale, expectations play a significant 
part in forming a builder’s decision, therefore affecting the housing starts. Unfortunately, due 
to data paucity, he was not able to include it in the model. In the same spirit, Topel and Rosen 
(1988) stated that if the short-run supply and the long-run supply elasticity are different 
because it takes time to adjust resources between industries, current price will no longer be 
sufficient information for investment decisions. Builders must form expectations of future 
prices when choosing current construction. Contrast to a myopic supply model, Topel and 
Rosen (1988) proposed a supply model with an internal adjustment cost mechanism. In their 
model, it benefits to build ahead of anticipated demand when supply price is rising in order to 
distribute costs over an extended interval of time. The best estimate yielded from the model 
shows a long run supply elasticity of 3.0 and a short run supply elasticity of 1.0. More 
recently, Mayer and Somerville (2000a) assumed in their supply function that builder’s 
expectations on future price and cost are determined by respective previous observations. 
They got a higher price elasticity of housing starts of 6.0. (See Table 2.1 at the end of the 
chapter for a summary of elasticity from various studies.) 
 
2.2.3 Vacancy rate 
Economists have long noticed the similarity between the labor market and the housing market 
in terms of its search process and transaction cost of matching its demand and supply. Like 
the natural unemployment rate in the labor market, conceptually there exists a natural 
                                                 
6 Dipasquale and Wheaton (1994) used instrumental variables for user cost with rational expectations. 
All current period exogenous variables and lagged endogenous variables are instruments. 
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vacancy rate due to the housing market friction. Smith, Rosen and Fallis (1988) stated that 
prices will not reach the level that can clear the market instantaneously. The change in 
demand conditions is first reflected in the change of the vacancy rate, which moves around 
the natural vacancy rate. 
Unfortunately, most of the studies on the vacancy rate focus only on rental housing. 
Empirically, Maisel (1963) included deviation of vacancies from its trend in his housing start 
equation and found an inverse relationship between the vacancy rate and the housing rental. 
Rosen and Smith (1983) also concluded that rental price changes are significantly affected by 
deviation of the actual vacancy rate from its natural level, which signals the excess supply or 
demand conditions. Theoretically, Wheaton (1990) adapted a search model to provide micro 
foundations for the existence of a natural vacancy rate and the relationship between the 
vacancy rate and the rental price. In contrast to the extensive analysis for the rental market, 
there is scarce empirical work on the effect of the vacancy rate in the owner-occupied 
housing market. Hwang and Quigley (2004) was one of the few who fitted a vacancy rate 
equation in their owner-occupied housing model: 
1 2 3 1 4 1 5( ) ( )
v
t t t t tv p s E p V p xγ γ γ γ γ+ += + + + + t
)
,      (2.2) 
where  is the vacancy rate,tv 1( tE p +  and 1( tV p )+  are mean and variance of expected future 
housing price changes, ts  is the new housing supply and 
vx represents other explanatory 
variables. All variables are in logarithmic difference terms. From the demand side, 
homeowners choose to keep a unit vacant because they expect the price to increase and the 
volatility of housing investment returns to be larger. From the supply side, higher new 
housing supply ( ts ) induces higher vacancy rate. Their estimation of the vacancy rate 
function is far from satisfactory. The authors also admitted that the high error variances of 




Land-price theory has a long history. Pioneered by David Ricardo, a number of theoretical 
and empirical works have come to the consensus that high land price is a result of high 
property price. Capozza and Helsley (1989) stated that price of urban land is determined by 
four components: the agricultural land rental, the cost of conversion, the value of accessibility 
and the expectation of future rental increases. They pointed out that in fast growing cities, 
especially under the situation that government restricts the land supply, land price may have a 
big premium over its opportunity cost due to the developers’ expectation on future increase in 
land rentals, or price of houses built on the land. However, there are other voices stating that 
high housing price is induced by high land price. Needham (1981) looked at this issue 
through a supply-based approach and argued that land cost, as one of the inputs for housing, 
should affect the house prices. A number of empirical studies have been done to account for 
the quantitative relationship between land prices and housing prices. Ooi and Lee (2006) 
constructed their own land price index and tested the relationship between land prices and 
housing prices for the Singapore market. They concluded that housing prices Granger-cause 
land prices in the Singapore context. Existing housing models in the literature treat the land 
factor very differently. Dipasquale and Wheaton (1994) and Mayer and Somerville (2000b) 
included farm land price as a cost variable in the housing supply equation. Peng and Wheaton 
(1994) criticized the inclusion of land price into the supply equation, as they believe land 
prices are determined by house prices. Instead they proposed using quantity of land sales, to 
capture direct effect of land on housing production while the effect of house prices is 
controlled.  
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2.3 Second generation model 
Grounding on Muth (1960), the second generation of housing models incorporates the market 
adjustment process and the various factors mentioned in section 2.2 that were missing in 
Muth (1960).  
 
2.3.1 Dipasquale and Wheaton (1994) 
Dipasquale and Wheaton (1994) set up a structural model for the owner-occupied housing 
market in the United States. They made several innovations based on the traditional stock-
flow model: 
(i)Demand side 
Being aware that the housing market takes several years to clear and reach equilibrium, they 
specified the long-run equilibrium price and short-run price adjustment separately as: 
1 2 3 4 5
*
1 2 3 5
4
( )  
1 ( )  
t t t t t t t
t
t t t t t
t
H R OWN WAGE P U S hence




β β β β β
β β β ββ
+ + + + =
= − − − −     (2.3) 
*
1(1 )t t tP P Pτ τ −= + − .         (2.4) 
Stock demand in the long run is specified as a functional form of number of households and 
other demand variables. H is the total household number, R is the rental price index, OWN is 
the age-expected home-ownership rate which captures the demographic characteristic, WAGE 
is the permanent income per household, P is the house price index, U is the annual user cost 
of home-ownership using the specification stated in Equation (2.1) and S is the housing stock. 
All variables are in level terms. To account for the gradual market clearing condition, the 
price adjustment process is ruled by Equation (2.4), where current price is a weighted sum of 
equilibrium price in the long run and price in the last period. Estimation of the model using 
1960-1990 US data yielded a price elasticity of demand in the range of -0.09 to -0.19 and an 
income elasticity of demand between 0.3 and 0.7. Price adjustment phenomenon is significant 
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in the model. Estimated value for τ is 0.29, suggesting 29% of the price disequilibrium is 
adjusted in a year’s time.  
The advantage of Dipasquale and Wheaton’s model is that it includes the user cost of 
home-ownership, so that expectation from the demand side is incorporated into the model. 
Acknowledging the market disequilibrium phenomenon, they built a price adjustment process 
into the model, which was missing in Muth (1960). However, by estimating only the current 
price function, the model cannot distinguish between the long-run and short-run mechanisms. 
They did not pay much attention to the time series characteristics of the data either. 
 
(ii) Supply side 
Muth (1960) modeled the new construction as a function of the gap between actual and 
desired demand for housing stock, with the underlying assumption that housing supply is 
highly elastic. However, without making assumptions on the supply elasticity, Dipasquale 
and Wheaton (1994) suggested new construction to be a function of the gap between actual 
housing stock and the long run desired stock level. Their argument based on the urban spatial 
theory7 is that new housing construction responds to the price level only until the current 
stock catches up with the long-run supply schedule. Land becomes a vital factor. As price 
rises, construction rises up because of excess return but only temporarily. Excess returns are 
absorbed by the increase of land price as housing stock goes up and construction declines 
back to its normal level. Therefore price level directly affects long-run stock of housing and 
new construction reacts towards the gap between this long-run stock and the stock in the 
previous period.  Their supply equation is written as: 
*
1[t t tC S Sα −= − ]
tOST
                                                
       
where 
*
0 1 2 3 4t t t tS P TREAL FARM Cβ β β β β= + + + +      (2.5) 
 
7 One main conclusion of urban spatial theory is that land price is dependent on the stock of housing. 
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C is the new housing construction,  is the long-run desired housing stock, TREAL is the 
real cost of short-term financing, FARM is the farm land price index, COST is the 
construction cost index and 
*S
α  is the adjustment coefficient. 
The estimation of Dipasquale and Wheaton’s supply equation derived an adjustment 
coefficient α  as 2% to 5%, which seems to be too low.8 The long-run price elasticity of 
supply locates in the 1.2 to 1.4 range which is much lower compared to Muth’s and Follain’s 
estimations. (See the end of the Chapter for a table of elasticity estimation by various studies.) 
Cost variable is either insignificant or having a wrong sign, which is common in many studies 
(Muth, 1960, Mayer and Somerville, 2000, Tu, 2004 among others). Dipasquale and Wheaton 
(1994) also noted that much of the housing supply movement is explained by variables 
besides price, for example, change in employment, interest rate and sales time on the market. 
The authors attributed this to the slow adjustment of the market and the insufficiency of price 
statistics.  
 
2.3.2 Mayer and Somerville (2000) 
Mayer and Somerville (2000) paid equal attention to land factor in the urban spatial theory 
for their housing supply. Compared to Dipasquale and Wheaton (1994), they included the 
change in price rather than price level in their supply equation. Argument for this 
modification is that new construction as a flow variable should also be a function of flow 
variables, so that price should appear in differenced terms. New construction is only a 
phenomenon of the market transiting from one equilibrium to another, identified by an 
increase in price level. If housing flow is a function of price level, housing starts will have a 
permanent increase whenever there is a one-time unexpected shock from the demand side, 
                                                 
8 A 2% adjustment per year indicates that it takes 35 years to reach a new equilibrium, which seems to 
be too long. See Dipasquale (1999). 
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say population influx. Yet in a case like this, housing start will increase until it meets the 
demand from the new residents, making it indeed a one-time change.  
Mayer and Somerville (2000) also took supply side expectations into consideration 
and adopted a backward looking formation. As land developers and house builders make 
decisions not only on current information, but also on expectations of the future, their supply 
equation is specified as: 
1( ,..., , , , , )t t t j t t t t 1s g p p r r c c− −= Δ Δ Δ Δ Δ Δ −
                                                
,       (2.6) 
where s is the housing starts, p is the house price, r is the interest rate and c is the construction 
cost. All variables are in logarithm. Estimation using 1976-1994 US data yielded a price 
elasticity of housing stock as 0.08, which is much lower than Dipasquale and Wheaton 
(1994)’s estimation, while price elasticity of housing flow is around 6.0 in the current 
quarter.9 The authors argued that the big gap is due to the fact that housing start is a small 
portion of the total housing stock. The advantage of Mayer and Somerville’s study is that it 
considers the supply side expectation and allows supply elasticity of housing stock and 
housing flow to be different. It also avoids the measure of the housing stock. However, the 
price elasticity of supply estimated by this model is dependent on the appropriate lag length 
chosen.  
 
2.3.3 Peng and Wheaton (1994) 
Peng and Wheaton (1994) built upon Dipasquale and Wheaton (1994)’s model and added 
new links with land supply and public housing into the model. Their study is on the private 
housing market in Hong Kong, which has an uniqueness that the U.S. market does not have. 
Hong Kong has a very big public housing sector, which compromises 50% of the total 
housing stock. Land supply is also largely controlled by the government.  
 
9 Mayer and Somerville (2000) approach is dependent on the lag structures, in other words, price 
elasticity of housing starts will be different considering different time length. 
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(i) Land supply 
As flow of new land is exogenously decided by the government, the author investigated how 
a land supply shock affects the housing market. They proposed two hypotheses: (i) Based on 
a myopic expectation, a sudden scarcity of expected future land supply reduces new 
construction and hence drives up the house price; (ii) Based on a rational expectation, a 
sudden scarcity of expected land supply directly alters house prices. A reduction in land 
supply induces expectation of higher future rental and land prices. In a rational market, these 
anticipations are capitalized into higher current house prices. Under this hypothesis, land 
supply should not only enter the supply function, but also the demand function. 
 
(ii)Public and private housing linkage 
Peng and Wheaton (1994) argued that as there is always excess demand for the government 
subsidized public housing, there is a near zero vacancy rate in the public sector. Given excess 
demand for public units, small changes in public housing prices have little or no impact on 
the private housing market. The major impact is from the demand side, that the quantity of 
public housing stock alters the number of households who seek housing in the private sector. 
In their case, people that dwell in the public sector are ruled out from seeking housing in the 
private sector.  
 
Peng and Wheaton (1994)’s demand equation is written as: 
*
0 1 2 3 4( )[ ( ) ]tH STKp P Y i PA LS STKv TSTK STKpβ β β β β− + + + − + = = −   (2.7) 
*
1(1 )t t tP P Pτ τ −= + − ,         (2.8) 
where H is the total potential households, is the number of households dwelling in the 
public sector. Because of the near zero vacancy rate, it is also a proxy for the number of 




the number of private housing units. P is the house price, Y is the income, (i-PA) accounts for 
the annual capital cost with PA being anticipated price appreciation, and LS the land sales 
volume. Like Dipasquale and Wheaton (1994), their housing demand in the long run is 
determined by the product of potential number of households seeking houses in the private 
sector and the proportionate demand from each household. Land sales variable enters the 
demand equation because consumers look at recent land sales to adjust their expectations of 
future house price changes. The price adjustment process from Dipasquale and Wheaton 
(1994) was adopted, showed in Equation (2.8).  
For the supply side of the market, they built up a similar adjustment process as what 
Dipasquale and Wheaton (1994) did but with the following changes: (i) Unlike Dipasquale 
and Wheaton (1994) who included the farm land price as a cost component in the supply 
equation, Peng and Wheaton (1994) argued that it is not right to include the land price into 
the supply function because it is determined by house prices as discussed earlier in section 
2.2. They proposed using the land sale quantity. If the land sale quantity binds construction, 
its coefficient will turn out to be significantly negative. (ii) They also consider the supply side 
expectation and included change in price and change in GDP as determinants of suppliers’ 
expectations.  
Empirical results concluded that land supply affects price directly but not new 
construction. There is only an indirect effect on construction channeled through price. Less 
land supply drives up the price, which temporarily encourages construction. As stock piles up, 
price appreciation flattens out gradually and construction goes back to its normal level. Peng 
and Wheaton (1994) also showed through simulation that a cyclical land supply scheme 
causes great fluctuations in prices and volatile production. The price elasticity of demand is   
-0.97 which is much higher than Dipasquale and Wheaton (1994)’s estimation. The authors 
attributed the high price elasticity of demand to the doubling-up phenomenon where one 
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housing unit accommodates more than one household in Hong Kong’s housing market. Price 
elasticity of supply is 1.11, close to Dipasquale and Wheaton (1994)’s results.  
As we read from Table 2.1 at the end of this chapter, the two generations of housing 
studies reach a consensus for demand side parameters. Long-run income elasticity of housing 
demand settles to be around unity, while long-run price elasticity of housing demand 
stabilized in the interval -0.2 and -1.10 Haines and Goodman (1992) also showed in their 
study on rental housing demand in the nineteenth century of the United States that demand 
parameters are similar to those a century later. In contrast to the demand side, the supply 
parameters are far from being in agreement. We discuss below the difficulties of studying the 
housing supply.  
 
2.4 Supply side curiosity 
The housing supply literature has mainly developed on two tracks. One uses investment or 
asset market approach, with the leading articles as Poterba (1984) and Topel and Rosen 
(1988). The other applies urban spatial theory, represented by Dipasquale and Wheaton (1994) 
and Mayer and Somerville (2000a). However, even within its own framework, there is still no 
agreement on supply parameters. Dipasquale (1999) compared different strands of supply 
models and attributed the difficulties of studying housing supply to several aspects: 11
 
 
 (i) Data availability and quality 
There is no general agreement whether housing stock should be measured by units or by 
value. Researchers keep proposing new data series to use (Follain (1979) used both value and 
                                                 
10 See Malpezzi and Mayo (1987) for a detailed summary for elasticity estimation among developing 
countries. 
11 Refer to the Journal of Real Estate Finance and Economics, Vol 18 Issue 1, a special issue on 
housing supply studies. 
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unit, Poterba (1984) used value of investment supply, Dipasquale and Wheaton (1994) and 
Topel and Rosen (1988) used number of housing starts). Problems also lie in the data paucity 
of land price, land supply and how builders form their expectation. Fair (1972) stated that 
among all the players12 in the housing market, the supply side is the most difficult to analyze 
because of its dependence on builders’ expectations of price, construction costs and relative 
profitability compared to non-residential constructions.  
 
(ii) The specification of the supply function 
One major problem of the supply equation in the literature is the poor performance of 
construction cost variable in the right hand side of the supply function. Many housing studies 
yielded frustrating results for construction cost variable (Muth, 1960, Follain, 1979, Poterba, 
1984, Mayer and Somerville, 2000, Dipasquale and Wheaton, 1994, Tu, 2004 among others). 
Olsen (1987) recognized this issue and argued that in theory, equilibrium price in the long run 
is the minimum long-run average cost of production. Hence, a proper specification that 
explains long-run house price should include either housing quantity or input prices, but not 
both. As long as the interest is on price elasticity of supply, input prices should not be 
included in the supply function. Somerville (1999) attributed the poor performance to bias of 
aggregate data used in the existing studies. They applied a set of micro-data and generated 
much more sensible results.  
 
(iii) The impact of government regulation 
Government policy can have a profound impact on the operation of the housing market. 
Quigley and Raphael (2004a) found evidence that the degree of regulation governing land use 
and residential construction dampens the supply side adjustment when the market encounters 
                                                 
12 Fair (1972) defined three players in the market: people who demand housing services, people who 
supply funds, and people who build new houses and replace depreciated houses.  
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a demand shock. They also found a positive relationship between the degree of regulatory 
stringency and house prices (see also Malpezzi, 1996). Mayer and Somerville (2000b) 
showed in their supply equation that land regulation lowers the level of new construction and 
price elasticity of supply. Difficulty of measuring government policy is still a problem in the 
housing literature, though various indicators have been proposed like the cross-metropolitan 
regulatory indicators constructed by Malpezzi (1996) and the international regulatory 
indicators by Angel (2000).  
 
 (iv) The impact of the public housing 
Murray (1999) discussed the influence of public housing (or subsidized housing) in the U.S. 
housing market (See also Murray, 1983). He applied a cointegration analysis to test whether 
subsidized housing crowds out13 unsubsidized housing. His estimation led to the conclusion 
that public housing displays no crowding out effect. In other words, public housing and 
unsubsidized housing stocks grow together in the long run. Murray (1999)’s article suggested 
that in an attempt to analyze the housing supply in the private sector, we need to take account 
of influence from the public sector and vice versa. This might be especially relevant for 
housing markets in places like Singapore and Hong Kong which contain a dominant public 
housing sector.  
 
2.5 Singapore housing studies 
2.5.1 Structural housing model 
Local research has tried to build a structural model for the private residential property market. 
In Lum (2002), instead of modelling the demand and supply separately, the author directly 
                                                 
13 In simple term, if subsidized housing crowds out unsubsidized housing, what we should observe 
from the market is an increase in subsidized housing does not increase the total housing stock in the 
same amount.  
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estimated a reduced-form price equation as a function of income, mortgage rate, construction 
cost and quantity of government land sales. One criticism of Lum’s model is that population 
factor was missing in the long-run price equation. As Smith (1969) argued, in the short run, 
population increases may be accommodated in a relatively fixed housing inventory by 
varying intensity of occupancy. But in the long run, especially under conditions of rising real 
incomes, population growth is a vital factor in determining the level of demand. Tu (2004) 
applied Dipasquale and Wheaton (1994)’s model to the Singapore private housing market. It 
is the first local study to account for the user cost of home-ownership. Tu (2004) specified it 
as (t tUC MR E P= − Δ )t
)
14, believing that movement in the user cost is dominated by changes 
in the mortgage rate (MR) and the price expectation ( ( tE PΔ ). The estimation of the model 
using 1990-2001 Singapore data concluded the price elasticity of supply as 1.31 and the price 
elasticity of demand as -0.18, which are quite close to Dipasquale and Wheaton (1994)’s 
result. Unfortunately, population factor was still missing in her model.  
 
2.5.2 Housing wealth effect 
A number of studies tested whether there is a positive housing wealth effect on consumption 
in Singapore, which has been found to be true in OECD countries (See Case et al., 2001, 
Abeysinghe and Choy, 2004, 2007 among others). There exists ambiguous conclusion among 
different studies. Phang (2004) found no significant housing wealth effect on aggregate 
consumption in Singapore. Abeysinghe and Choy (2004) analyzed the effect of house prices 
on the financial assets and housing loans of Singapore households. They used a loan variable 
to capture the negative effect on consumption of an increase in house price, which they 
termed as price effect. Edelstein and Lum (2004) separated the wealth effect of the public 
housing and private housing and, as with Phang (2004), found that there is no significant 
                                                 
14 The author used myopic expectation formation here. Expected future price is six quarter moving 
average of the private housing price indexes.  
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private housing wealth effect. However, they noted that the rise in HDB resale prices does 
have a significant pump-up effect on aggregate consumption.  
 
2.5.3 Private and public sector interaction 
Studies have shown that the private sector is heavily influenced by the dominant public sector. 
Phang and Wong (1997) and Phang (2001) provided evidence that the availability of HDB 
housing loans and CPF housing withdrawals has the most significant impact on the private 
housing price among all the housing policies from 1975 to 2004. Ong and Sing (2002) 
studied the interaction between the public and the private sector, with a focus on the price 
discovery mechanism. They tested two hypotheses. The upgrading hypothesis states that the 
public sector leads the private sector because home-owners are able to upgrade from public 
housing to private housing as a result of the capital gain of selling their subsidized HDB flats 
in the resale market. The market-force hypothesis states that the private sector leads the 
public sector as the latter is regulated by the government in contrast to the market driven 
private sector. Therefore, macroeconomic shocks are likely to affect the private sector first. 
Their empirical results concluded that there is a bi-directional causality between the private 
and the public housing market and the leading force from the private sector to the public 
sector is stronger.  
To conclude, several gaps can be seen from the existing housing models in the local 
literature. More efforts are needed to build a general structural model for the Singapore 
housing market, which can account for the population factor, the user cost of home-
ownership, expectations, the vacancy rate and interaction of the public and the private 
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Haines and Goodman (1992) -0.65 0.6 - 1890 US (rental housing)
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Chapter 3 Model and Simulation 
3.1 Introduction 
In this chapter, we set up a model, a simultaneous system, for the private residential housing 
market in Singapore. Planning and public policy has divided the residential housing market in 
Singapore into two main sectors, the public and the private sectors. The public sector is 
further divided into the new HDB market and the HDB resale market. The New HDB market 
is directly regulated by the Housing and Development Board (HDB), who is the supplier and 
price maker of new flats in the market. New flats are sold at a subsidized rate based on 
various qualifying household income ceilings15 and requirements. The HDB resale market is 
operated through market forces without any income ceilings,16 though there are still some 
regulations from the government. For example, HDB dwellers have to occupy the new HDB 
flats purchased directly from the Board up to a minimum number of years before they can sell 
their flats in the resale market. 17
In contrast to the public sector, the private housing market of Singapore is driven by 
the demand and supply forces in general.18 It mainly serves the housing needs of local high-
income households, HDB upgraders and foreign expatriates. Though the aggregate residential 
market is dominated by the public sector, which accounts for 79% of the total housing stock, 
the private residential property market compromises about 50% of the total housing wealth 
(Phang, 2001). Its movement has significant impact over the whole economy. Phang (2001) 
showed the impact of the housing market on financial sector development and macro-
economy performance, specifically, that fluctuations of private property price could have 
                                                 
15 Household income ceiling for buying a new HDB flat was set to be S$5000 in 1985. It was raised up 
to S$7000 in 1992 and raised again to S$8000 since 1994 until now.  
16 The income ceiling in the HDB resale market was removed in 1989. 
17 See Appendix for a detailed policy summary on HDB resale market.  
18 There are certain cases of government intervention. For example, in the second quarter of 1996, the 
government implemented a basket of anti-speculation policies to cool down the market, including the 
introduction of capital gain taxes, reduction of loan-to-price ratio, etc.  
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significant effects on national wealth holding. Abeysinghe and Choy (2004) investigated the 
effect of house prices on household financial assets and housing loans and concluded that an 
increase in house price has a negative effect on consumption. Therefore, our main motivation 
in this chapter is to set up a structural housing model to understand the market mechanism 
and the movement of house price. As presented in Figure 3.1, private property price has an 
upward trend between 1975 and 2007, along which the market experienced several price 
spirals. Our model focuses on the private sector of the owner-occupied residential housing 
market. It investigates the long-run fundamental variables that support the price trend over 
time and explains the short-run price fluctuations. It involves expectations on both the 
demand and supply side as we believe expectations play a significant role in the market. The 
dominant public sector is taken into consideration and possible links are suggested. 
Movement of the vacancy rate, which signals the market disequilibrium condition, is also 
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Figure 3.1 Private property price index (2000=100) 
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3.2 Adaptation of the stock-flow framework 
The housing market, as with many other markets, is driven by demand and supply forces. It 
also has its own features due to the special characteristics of this market. Houses are durable 
goods with low depreciation rate, therefore housing supply is separated into housing flow and 
housing stock in the traditional stock-flow framework. As presented in Figure 3.2, house 
price is decided by the interaction of a downward sloping demand curve and the existing 
housing stock . As houses have a long production process, we assume that at a given 
time, housing stock is fixed, hence a vertical line in the graph on the left. On the other hand, 




tHflow ) is determined by house prices and other cost related factors. A 
higher price encourages suppliers to build more houses. The two segments of the market are 
linked by a stock-flow relation, 1(1 )
pristock pritsock pri
t tH H H tflowδ −= − +  where δ  is the 
depreciation rate. One big critique of the traditional stock-flow framework is that it assumes 
immediate market adjustment and expectation does not play a role in the whole picture. We 
therefore adapt the stock-flow framework to fill up this gap.  
As discussed in chapter 2, suppliers have to make decisions on current construction 
based on their expectation of future house prices because it takes time to build a house. 
Therefore the price that determines the housing supply curve should not be the current price, 
but the current expectation of future prices, 1(t t )E P+ . To avoid misspecification of expectation, 
we use a variable that contains supply side expectations, that is, contracts awarded in 
residential construction, to specify our supply equation. More details of this will be discussed 
later. On the demand side, it is also reasonable to assume that demand for owner-occupied 
housing is not only driven by the current house price and income variables, but also by 
people’s expectation of future house prices. If potential home buyers or investors expect the 
future house price to go up, current demand for housing will be boosted up as the expected 
price appreciation reduces the user cost of home-ownership. Finally, the vacancy rate should 
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be considered as well for two reasons. First, like natural unemployment rate in the labor 
market, there exists a natural vacancy rate in the housing market as a result of market friction. 
Hence, prices in equilibrium should be decided by equating the stock demand and the existing 
house stock less some amount of vacant units. The percentage of this amount of vacant units 
of the total house stock can be termed as the natural vacancy rate. Second, because of the 
slow adjustment of house price, market disequilibrium, either excess demand or excess 
supply, is first reflected in fluctuations of the actual vacancy rate. Only then it transfers to 
house price adjustments. Details will be discussed in section 3.4. 
P etP





New Construction Existing Houses  
Figure 3.2 Stock-flow framework of the housing market 
 
3.3 Data description 
One problem we face in setting up the housing model comes from the measure of housing 
stock and housing flow. One possibility is to use available private property (units) as housing 
stock and supply in pipeline (units) as housing flow. These data are readily available in the 
URA (Urban Redevelopment Authority of Singapore) database. The problem of using this 
dataset is that unit measure does not adjust for housing quality. As a matter of fact, in 
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Singapore, a landed property and an apartment are very different in value.19 The alternative is 
to use a value measure. In our model, we use gross fixed capital formation in the private 
residential sector as a proxy for housing flow supply. As our housing flow is measured by 
constant price value, we have to find a corresponding value measure for the housing stock. 
This data is not available from local or international databases. We therefore use the perpetual 
inventory method to construct the house stock as: 
Housing stockt = Housing stockt-1 *(1- depreciation rate) + Housing flowt   (3.1) 
The depreciation rate for residential buildings is set to be 3% per year following Rao and Lee 
(1995) and we use a starting value of private housing wealth as S$ 6800 million in 1980 
estimated by Phang (2001). Other variables in the model will be discussed in appropriate 
places as we present the model in the following section and a detailed data description is in 
Appendix B.  
 
3.4 Model 
Our housing model contains 5 behavioral equations and 2 identities. They account for the 
demand, supply and vacancy condition of the Singapore private residential property market. 
The demand equation in the model is a variation of Dipasquale and Wheaton (1994). It 
contains a reduced-form equation for long-run price and a short-run price adjustment 
equation. The supply equation adopts an innovative method suggested by Abeysinghe and 
Choy (2007) in their modelling of Singapore’s construction investment. Considering the link 
between public and private housing supply, we have both a private housing supply equation 
and a public housing supply equation. Both demand and supply equations are based on 
                                                 
19 Tu (2004) reported that in the Year 2000, the median price for a detached house is about S$ 3.7 
million, while the median price for an apartment or Condominium is S$ 0.8 million. Median floor area 
for different property types also varies, 700 square meters for a median detached house and 125 square 
meters for a median apartment or condominium.  
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cointegration and error correction model format. The vacancy rate equation is specified using 
the autoregressive distributed lag (ADL) model, determined by the market take-up condition 
and various economic fundamental variables. Two identities in the model are the stock-flow 
relation shown in Equation (3.1) and the user cost of home-ownership included in the long-
run price equation. Its specification will be discussed later. The model is evaluated for its 
performance and then a scenario analysis is carried out.  
 
3.4.1  Demand equation 
** ( , , , ) *(1 )d pristockF D P Y FW UC H v= *− .      (3.2) 
Following Dipasquale and Wheaton (1994), the demand equation in the long run is specified 
as Equation (3.2). On the left hand side, F is the number of households (families) that have 
potential demand for private housing. D is the proportionate housing demand of each 
household, determined by the long-run equilibrium house price ( *P ), per capita disposable 
income ( )dY 20, financial wealth (FW) proxied by per capita CPF balances21, and the user cost 
of home-ownership (UC). On the right hand side,  is the housing stock variable 
described in section 3.3 and  is the natural vacancy rate. For simplicity, the natural vacancy 
rate is set to be constant in our model. Dipasquale and Wheaton (1994) mentioned the 
advantage of specifying demand as the interaction of household number and other variables, 
that it not only makes sense theoretically, but also produces better econometric results than a 
straight linear specification.  
pristockH
*v
                                                 
20 We follow Abeysinghe and Choy (2007) for the construction of disposable income. In their book, 
disposable income = GDP – taxes – government fees & charges – net CPF contributions. 
21 A household’s financial asset include currency & deposits, shares & securities, equity in pension 
funds/CPF(total amounts due to members) and equity in life insurance. Total financial wealth doesn’t 
obtain a stable relationship in the long-run price equation, but CPF balances as a component of 
financial wealth has significant effect on housing demand. One possible explanation for this is that a 
typical Singapore household pays mortgage for a property from CPF funds and disposable income, 
hence non-CPF component of financial wealth doesn’t have a significant effect on housing demand.  
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As our focus is on the owner-occupied private residential property, it is important to 
investigate the user cost of home-ownership in detail. In the Singapore private housing 
market, the user cost of home-ownership is believed to be one of the key driving forces 
behind housing demand (Tu, 2004). As discussed in chapter 2, the user cost of home-
ownership can be regarded as the “implicit rent” that profit-maximizing landlords set to rent 
the owner-occupied house to themselves. Following the generally agreed specification for 
user cost of home-ownership in the literature:  
[(1 )*( ) ( )]y p
PUC t i t E
P
δ Δ= − + + − ,        (3.3) 
where is the marginal income tax rate, is the property tax rate, i is the prime lending 
rate,
yt pt
δ  is the depreciation rate, set to be 3% per year22 and ( PE
P
)Δ is the expected house price 
appreciation. We use backward looking expectation, that expected house price appreciation is 
taken as the 4-period moving average of annual price growth rate in the previous period. The 
specification presented in Equation (3.3) shows that the user cost for an owner-occupied 
property includes mortgage cost, property tax and depreciation cost. The expected 
appreciation of house value reduces the user cost. The marginal income tax rate is included in 
the equation because property taxes and mortgage payments are tax deductible23 while capital 
gains are untaxed, therefore user cost is lower at a higher marginal tax rate, keeping other 
variables unchanged. As we see from Figure 3.3, fast-growing house prices during the 
various housing booms in Singapore raised people’s expectation of future price appreciation, 
resulting in negative user cost of home-ownership. This encouraged home buyers and 
investors to enter the market and further boost up the price. One possible bias of our user cost 
                                                 
22 See Rao and Lee (1995). 
23 Interest paid on a housing loan or mortgage and property tax can be deducted from annual value of a 
residential property, provided that these expenses occur during the period when the property is 
occupied. See IRAS (Inland Revenue Authority of Singapore) website for a detail description. 
http://www.iras.gov.sg/irasHome/page03_ektid6024.aspx 
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computation is that in Singapore’s case, most of the households use CPF to pay off housing 
loans. Hence the interest rate variable (i) we should use is the CPF housing loan rate. Even if 
the house buyer is an expatriate who is not eligible for CPF housing loans, we should use the 
mortgage rate of commercial banks or financial institutions. However, as sufficiently long 
term data for CPF housing loan rate or mortgage rate of commercial banks are not available, 
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Figure 3.3 User cost of home-ownership for Singapore private property (%) 
 
In the demand equation, total household number (F) is proxied by the total 
population. For this, we need to assume that household number is proportionate to population. 
This assumption may not hold for the resident population, as family size has been decreasing 
over the years in Singapore. However, the proportionality may hold for the total population, 
because a large proportion of Singapore’s total population is made up of foreign immigrants 
and workers. Another argument for using total population is that though Singapore has a high 
percentage of the population dwelling in public housing, it doesn’t rule them out from 
purchasing private properties. Upgrading is a well recognized phenomenon in Singapore. In 
fact, it is a major source of demand for private residential property (Yuen et al., 2006).  
Assuming proportionate housing demand (D) is represented by a log-linear relation, 
the reduced-form equation for long-run price, after some derivation, can be written as: 
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* *
0 2 3 4
1
1ln [ln( ) ln ln ln(1 )]
pristock
dHP Y FW U
F
β β β ββ= − − − − +C v−     




δ δ δ δ δ= + + + + UC ,    
                     (-)                     (+)          (+)              (-) 
           (3.4) 
where the expected signs of the coefficients are given in parentheses. Table 3.1 presents the 
OLS results for Equation (3.4). Here all variables are in natural logarithms, except for UC, 
which is in percentage term. Like many other studies, our user cost of home-ownership 
contains negative values due to the price appreciation term, as showed in Figure 3.3. Argued 
by Dipasquale and Wheaton (1994), scaling the user cost to avoid negative values may alter 
the estimates of all parameters because non-linear models are not scale invariant. We 
therefore leave it in the percentage term. We also consider the possible influence of the public 
housing market on the private housing market. As many local studies point out, household 
mobility triggers interaction of the prices in the HDB resale market and the private property 
market (Sing et al., 2006). However, it is not correct to include the HDB resale price index 
into Equation (3.4) as the two price series should be jointly determined. Including the HDB 
resale price into the reduced form of the long-run price equation may create endogeneity 
problem and biases the estimates of other coefficients. Based on the upgrading phenomenon 
in the Singapore housing market, the ideal variable to capture the influences of the public 
housing sector is the capital gain from selling the HDB flats in the resale market. However, 
data like this is not available for Singapore. The financial wealth variable proxied by per 
capita CPF balances may capture some of the influence of the public housing sector. 
Whenever a household upgrades from public housing to private housing in Singapore, it has 
to return the CPF housing withdrawals with respect to the sold HDB flats back to the CPF 
fund. An increase in the HDB resale price may trigger a household to sell their existing HDB 
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flats, reap a higher capital gain and upgrade to the private housing sector. It should be noted 
that the trade-down options are not usually exercised by households that are already in the 
private housing sector. This could be due to psychological reasons and the bequest culture 
mentioned by Sing et al. (2006), it could also be due to the various market regulation in the 
public housing sector, to name a few, income ceilings and minimum stay requirement.  
The OLS coefficients are all significant at the 1% level and carry the expected 
signs.24 Recursive estimates converge to constants, indicating a stable relationship in the long 
run. Our demand equation captures well the population factor, which is believed to be the 
engine of housing demand in the long run (Smith, 1969). Existing models in the local 
literature all fail to account for the population factor. Based on the OLS estimation, our 
demand equation yields a price elasticity of demand as -0.93 which is in the conventional 
level. Income elasticity of demand25 is 1.6, implying that the demand of private property is 
income elastic and private property is a luxury good. This is not surprising as private property 
is at the top of the Singapore housing market pyramid (Sing et al., 2006) and the majority of 
housing needs are met in the public housing sector. Based on economic theory, our 
coefficients should hold an annual relation as 1 2 3 4100* 4 * 0δ δ δ δ+ + + = 26, suggesting if 
each explanatory variable on the right hand side changes by 1% in a year, house price will not 
change. The OLS estimates fit well into this theoretical relation. Furthermore, ADF test lends 
evidence that the long-run price equation is a cointegration relationship27, so that we can 
proceed to the short-run price adjustment equation. Figure 3.4 plots the actual price, the fitted 
                                                 
24 OLS estimates have normal distribution only if the explanatory variables are exogenous. We report 
the t-statistics in Table 3.1 as an extra piece of information. 
25 Price elasticity of demand is calculated as 11/δ  and income elasticity of demand is calculated as 
2 1/δ δ . 
26 Our data frequency is quarterly. As 1, 2 3,δ δ δ  are elasticities, annual and quarterly estimates are the 
same. UC is in percentage term, hence in an annual base, we multiply its coefficient by 4.  
27Unit root test results show that all variables in Equation (3.4) are I(1), except for UC, which is an I(0) 
variable.  Johanson cointegration test indicates the number of cointegration as 2, with one taking care 
of the stationarity of UC variable and the other as the long-run price equation. For brevity, we do not 
present the Johanson test result here.  
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equilibrium price and its trend.28 It displays clearly that house price bubbles existed in the 
early 1980s and the 1994-1996 house price escalation. It should be noted that estimates in the 
long-run price equation are sensitive to different specifications of expected house price 
appreciation in the UC variable. There is no generally agreed form to measure consumer’s 
expectation in the literature. We therefore choose the specification that yields the best fit 
statistically.  
Table 3.1: OLS results of the reduced-form equation for the long-run price 
Dependent Variable: ln(P)  
  Coefficient t-Statistics 
0δ  constant -19.83*** -4.57 
1δ  ln( / )pristockH F  -1.074*** -2.79 
2δ  ln dY  1.753*** 4.67 
3δ  ln FW  1.184*** 3.64 
4δ  UC -0.005*** -3.5 
2R = 0.83, SE = 0.226, DW = 0.1, ADF = -1.89 (critical value for 10% level -1.61) 
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Figure 3.4 Actual price, equilibrium price and price trend (log scale) 
 
By applying the error correction model technique popularized by David Hendry, 
price adjustment in the short run can be written as: 
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where EC is the residual of the reduced-form equation for the long-run price in Equation (3.4). 
The short-run price equation is empirically specified and OLS results are presented in Table 
3.2. Here we have applied Hendry’s general to specific method to decide the lag terms and 
explanatory variables.  
 
Table 3.2 OLS results of the short-run price adjustment equation  
Dependent Variable:  ln( )tPΔ
 Coefficient t-statistics 
constant 0.049*** 2.03 
1tEC −  -0.051*** -3.57 
1ln( )tP −Δ  0.56*** 6.93 
ln( )d tYΔ  0.20** 2.27 
1ln( )tFW −Δ  0.50* 1.92 
1tvac −  -0.007** -2.22 
2ti −Δ  -0.049*** -4.37 
( - )tsub saleΔ  0.0018** 1.98 
2R = 0.83, SE = 0.02, DW = 2.30 
Sample: 1995Q2-2007Q2, *** significant at 1%, ** significant at 5%, * significant at 10% 
 
We observe from Table 3.2 that the adjustment coefficient is – 5.1%, expressing that 
5.1% of the disequilibrium is adjusted in each quarter keeping all other variables unchanged. 
The small magnitude indicates a long process for price to be adjusted back to equilibrium 
once it deviates.29 All other variables carry the expected signs. We include the vacancy rate 
(vac) and the sub-sale rate (sub-sale) as explanatory variables to capture the impact of short-
run market conditions. As discussed in section 3.2, when the market is in disequilibrium, the 
house price will not react instantaneously, but change in demand or supply condition will first 
be reflected by a change in the vacancy rate. For example, if market is in excess supply 
                                                 
29 It takes 14 quarters for price to be adjusted back to equilibrium keeping all other variables 
unchanged.  
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condition, what we will observe from the market is that vacant units accumulate and the 
vacancy rate goes up. As the vacancy rate goes up, market pressure gradually transfers to the 
price and adjusts it down to clear the market. Our estimation result shows that a higher 
vacancy rate in the previous period, an indication of excess supply in the market, adjusts 
house price downwards, though to a small magnitude. The sub-sale rate is known to be an 
indicator of speculation in the housing market. A typical sub-sale case of a property is that a 
speculator, who expects house price to go up further, purchases a property with an intention 
to sell it as soon as possible before its completion in order to cream off the capital gain. 
Speculative buying is not supported by fundamental housing demand, thus is normally 
regarded as one of the factors that drive the price beyond the fundamental trend. Our 
estimation result shows that higher sub-sale rate blows up house price. The interest rate as a 
cost factor for demand of housing also plays a role in the short run. A higher interest rate 
reduces household demand for private housing, hence bringing down the price. As discussed 
in the user cost specification, the ideal interest rate variable we should use is the CPF housing 
loan rate. Given that the prime lending rate co-moves with the mortgage rate and the CPF 
housing loan rate30, we use it as a proxy. Estimation of the overall equation obtains high 2R  
and the Durbin-Watson statistic does not show a serial autocorrelation problem.  
 
3.4.2 Supply equation 
As discussed in section 3.2, the flow supply of housing is heavily driven by the supplier’s 
expectation of future market movement. Learning from Abeysinghe and Choy (2007) who 
introduced a forward looking variable, contracts awarded, into their construction investment 
equation, we use the value of contracts awarded in residential buildings in our housing supply 
equation. By using this expectation-laden variable, we bypass the expectation specification 
                                                 
30 The CPF housing loan rate is generally 2% below the housing mortgage rate of commercial banks 
(Phang, 2001). 
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problem. Given that construction cost variables do not show good performance in regression 
models, we propose using the Tender Price Index (TPI) as a proxy for construction cost. 
There are two advantages of using TPI instead of the building material price index. First, 
Tender Price Index data provided by Building and Construction Authority of Singapore 
(BCA) differentiates between HDB and private property construction. Tu (2004) pointed out 
that costs of these two types of construction activity are so different that a simple aggregate 
building material price index cannot represent the real building cost in the private housing 
market. Second, TPI captures not only the building material cost, but also other related costs, 
legal fees and land cost for example.  
Before presenting the housing supply equation, we first model the contracts awarded 
for private residential buildings ( ) to investigate how well it captures the dynamics of 
the supply side of the market. As discussed in section 3.2, expected house price and the 
relevant cost variables influence contracts awarded, which represent suppliers’ commitments 




1 1ln( ) 0.01 0.51 ln( ) 3.37 ln( ) 0.44
pri pri
t t tCA CA P i 1t− − −Δ = − Δ + Δ − Δ  
         (0.22) (-5.3)                   (3.8)              (-3.23) 
           (3.6) 
Sample Period: 1986Q3-2007Q2 
2R =0.37, DW=2.1, SE=0.38, t-statistics in parentheses. 
 
Here  is the value of contracts awarded for private residential buildings, P is the 
private property price and i is the prime lending rate. OLS estimates in Equation (3.6) are in 
line with our expectations. Contracts awarded for private residential buildings respond 
positively to a rise in price in the previous period, implying that developers form up 
optimistic expectation on price based on previous price increases and hence commit to higher 
construction investments. Contracts awarded, as expected, also respond negatively to the cost 
of funds, proxied by the prime lending rate here. 
priCA
2R shows that the price and the interest rate 
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variable explain 37% of the movement in the contracts awarded. also captures those 
immeasurable factors that affect suppliers’ commitments to residential construction 
investment, for example, other developers’ building decisions.  
priCA
To model the private housing supply, we first deflate the value of contracts awarded 
in the private residential sector ( ) by TPI for private property construction ( ) and 
get the real value of contracts awarded in the private sector. We found a close relationship 
between and private housing supply (
priCA priTPI
/pri priCA TPI pritHflow ). The Johanson trace test 
provides evidence for one cointegration relationship between the two.31 We therefore proceed 
to estimate an error correction model using OLS with the underlying long-run cointegrating 
relation written as: 
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The OLS results are presented as: 32
1 1
1
ln( ) 0.08 0.08ln( ) 0.05 ln( )/
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+ Δ + Δ 1) 0.02 ( )
                              (2.7)                               (3.34)                   (-1.83)
t tGDP vac −− Δ
 
           (3.8) 
Sample Period: 1988Q3-2007Q2 
2R =0.4, DW=1.88, SE=0.051, t-statistics in parentheses. 
Here pritHflow is the gross fixed capital formation of residential buildings in the 
private sector and pubtHflow  is likewise the gross fixed capital formation of residential 




CA TPI  
acts as the error correction term and the adjustment coefficient is 8%. The estimation yields 
the cointegrating relation as ln( ) ln( / )pri pri priHflow CA TPI− , implying a 1% increase in real 
                                                 
31 ADF test shows that these two variables are I(1).  
32 We bypass the estimation of the cointegration equation and directly estimate the short-run 
adjustment equation. See Appendix A for a detailed derivation.  
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value of contracts awarded in the private residential sector will increase the private housing 
supply by 1%. Johansen’s ML estimation provides the cointegrating coefficient to be unity as 
well. We don’t present the Johanson result here for brevity.  
Housing supply positively responds to the GDP growth rate, an indicator of the 
soundness of the macro-economy. Negative coefficient for the change in the vacancy rate 
shows that excess housing supply, signaled by a high vacancy rate, stops suppliers from 
building more houses. The coefficient of pubtHflow  shows a positive connection between the 
public and private housing supply, that there is no crowding-out, but a crowding-in effect 
from the public sector. A positive coefficient suggests that the public housing stock grows as 
the private housing stock grows over the years, which is likely to be the case in Singapore. 
Note that this association need not be causal. It is possible that the two housing sectors are 
developed to serve very different groups of people, which is likely as HDB flats buyers need 
to meet certain income ceiling requirement. The alternative possibility is that public houses 
and private houses are not substitutes in Singapore. It should be noted that house price and 
cost variables, the conventional variables included in a supply equation, do not enter the 
supply equation (3.8). However, as shown in Equation (3.6), they are all represented by the 
contracts awarded variable. Therefore housing supply, represented by the residential 
investment, is still a function of the house price and related cost variables. The reason for 
using the contracts awarded variable as mentioned earlier, is that it captures the expectation 
of the supply side, measurable or immeasurable, without creating a misspecification problem. 
Figure 3.5 displays the impulse response of the private housing supply with respect to the real 
value of contracts awarded in the private sector. Contracts awarded impacts the housing 
supply with a one-quarter delay and the impact peaks in the second quarter. It fades out 
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Figure 3.5 Impulse response of the private housing supply with respect to 1% increase in 
                 contracts awarded in the private sector  
 
Similarly, co-movement can be found between the real value of contracts awarded in 
the public residential sector and the public housing supply. Johanson test result supports a 
cointegration relationship33 specified as: 







γ γ= + .       (3.9) 
The error correction model using OLS estimation is: 
1 1ln( ) 0.03 0.15ln( ) 0.056 ln( ) 0.039 ln( )/
pub pubpub
pub
pub pubt t tpub pub
CA CAHflowHflow CA TPI TPI TPI t− −
Δ = − + Δ − Δ
   (3.59) (-6.3)                                                 (3.2)                        (-2.0)                          
                     (3.10) 
Sample Period: 1988Q3-2007Q2 
2R =0.42, DW=2, SE= 0.065, t-statistics in parentheses. 
 
pub
tCA  is the value of contracts awarded for public residential buildings. It is deflated 




CA TPI plays the role 
as the error correction term and the cointegrating relation is ln . 
Similar results are found by Johansen’s ML estimation. The adjustment coefficient is larger 
compared to the private sector, that 15% of the disequilibrium is adjusted in a quarter. We 
( ) ln( / )pub pub pubHflow CA TPI−
                                                 
33 ADF test concludes that all variables in the cointegration relationship are I(1) variables. 
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tried to include other variables like the GDP growth rate and the vacancy rate into the public 
housing supply function but they all turned out to be insignificant. It is not surprising as 
Singapore’s public housing sector is regulated by the government, therefore it is not as 
market driven as is the case in the private housing supply. Figure 3.6 plots the impulse 
response of public housing supply with respect to the contracts awarded in the public sector. 
Impact of contracts awarded will be felt instantaneously. It peaks in half a year and dies down 
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Figure 3.6 Impulse response of public housing supply with respect to 1% increase in contracts  
                 awarded in the public sector 
 
It should be noted that the mechanisms of how contracts awarded form in the public 
residential sector may be very different from the private sector. Public residential 
construction investment is largely regulated by the government, who may adjust the level 
according to movement in the private sector and the whole economy. Equation (3.11) 
presents the OLS estimation for contracts awarded in the public residential sector. It suggests 
that public investment on residential construction exhibits a counter-cyclical phenomenon. It 
also shows that contracts awarded in the public residential sector are affected by the price 
movements in the private sector. The higher the price inflation is in the private sector, the 
more building commitments are established in the public sector to make sure there is 
sufficient public housing supply in the market.  
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1 2ln( ) 0.093 0.39 ln( ) 6.92 ln( ) 1.82 ln( )
pub pub
t t tCA CA GDP P− −Δ = − Δ − Δ + Δ 4t−    
                      (1.36)   (-3.96)                (-2.41)                     (1.86) 
          (3.11) 
Sample Period: 1986Q3-2007Q2 
2R =0.22, DW=2.3, SE= 0.44, t-statistics in parentheses 
 
3.4.3 Vacancy rate equation 
As discussed in section 3.2, movement of the vacancy rate is helpful in understanding market 
dynamics. None of the local literature has estimated a vacancy rate equation for Singapore’s 
private housing market. Our vacancy rate equation builds upon the various sources of the 
current period’s vacant units in the housing market. Vacant units in the current period 
( ) are attributed to the last period’s vacant units (tvacant 1tvacant − ) plus new vacant units 
generated during this period ( ) less vacant units being taken up in this period. We 
use change in occupied units (
new
tvacant
( )occupiedΔ ) data released by URA as the measure of units 
being taken up in each period. New vacant units created is modeled as a function of new 
housing supply. As new houses are built up, a proportion of them stays vacant in the market. 
The relationship is therefore written as: . 
Dividing both sides by the existing housing stock ( ) yields the vacancy rate equation: 
1 ( )
new
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The OLS results are recorded below: 
1 2 110.3 1.17* 0.17 * 1.33*ln( ) 0.61*ln( ) 0.8*
pri t
t t t t t pristock
t
occupiedvac vac vac GDP Hflow
H− − −
Δ= + − − + −
          
          (5.7)  (14.3)           (-2.3)            (-5.3)                   (3.3)                             (-9.3)             
           
          (3.13)   
Sample: 1988Q3-2007Q2 
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2R =0.9, DW=1.9, SE=0.4, t-statistics in parentheses 
Lag structure of the variables is empirically decided. OLS estimates show that if the 
GDP growth rate increases by 1%, the vacancy rate decreases by 1.33 percentage points 
correspondingly. If the growth rate of housing supply increases by 1% in the previous period, 
the vacancy rate increases by 0.61 percentage points. The final term captures the take-up rate 
and the negative coefficient implies that the faster houses are taken up, the lower the vacancy 
rate should be. It should be noted that according to our specification in Equation (3.12), 
coefficient of  should be -1. We tried to put restrictions on this coefficient, 
but it did not yield a good simulation result. The lag structure of the vacancy rate seems to 
indicate a unit root process, though the ADF test concludes that the vacancy rate is an I(0) 
variable. We suspect that the unit root may come from the ratio . With the 
above problems, our vacancy rate equation is far from perfect. The one presented in Equation 






3.4.4 Model validation 
After fitting each behavioral equation, we link them together into a simultaneous system. The 
Model contains 5 behavioral equations: the long-run price equation, the short-run price 
adjustment equation, the private housing supply equation, the public housing supply equation 
and the vacancy rate equation. Two identities are the stock-flow relation and the user cost of 
home-ownership. With no possibility of finding an analytical solution for a non-linear system, 
we apply the Gauss-Seidel procedure for the numerical solutions. Simulation period is 
1995Q2-2007Q2. Figure 3.7 and 3.8 display the static and dynamic solutions. The model 
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Figure 3.7  Static solution for 1995Q2-2007Q2 (solid line = actual, dashed line with plus sign 
                   =simulated) 34
                                                 
34 Hflow_pri refers to the variable priHflow , Hflow_pub refers to the variable pubHflow  and 
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Figure 3.8  Dynamic solution for 1995Q2-2007Q2 (solid line = actual, dashed line with plus  




                                                 
35  Hflow_pri refers to the variable priHflow , Hflow_pub refers to the variable pubHflow  and 
H_pristock refers to the variable pristockH . 
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To further assess the model, we compute root mean square percentage error 
(RMSPE), mean absolute percentage error (MPAE) and Theil’s inequality coefficient (U) for 



















−= ∑        (3.15) 


























   (3.16) 
 
where  stY = simulated value of  tY
a
tY = actual value  
T = number of simulation periods 
 
Table 3.3 presents error statistics of the static and dynamic solutions of endogenous 
variables except for the User Cost (UC) variable37 in our housing model over the period 
1995Q2-2007Q2. The vacancy rate has a high error due to its volatility. The dynamic solution 
has higher error compared with the static solution which is to be expected. In a dynamic 
simulation, current endogenous variables are computed using solved values of previous 
periods, hence the errors are cumulative. Nevertheless, in the dynamic solution, most of the 
endogenous variables obtain RMSPE and MAPE less than 10%. A zero value of Theil’s 
inequality coefficient indicates a perfect fit. U statistics for most of the variables is close to 
                                                 
36 See Pindyck and Rubinfeld (1993), Chapter 12. 
37 User cost of home-ownership is not included in the table as it is not proper to calculate RMSPE and 
MAPE for this variable. As Armstrong and Collopy (1992) mentioned, the disadvantage of RMSPE 
and MAPE is that it is relevant only to ratio-scaled data (i.e. data with a meaningful zero). Furthermore, 
RMSPE and MAPE are infinite or undefined if the data point is zero and when data series is close to 
zero, distribution of these two statistics are extremely skewed. User cost of home-ownership does not 
have a meaningful zero, it contains negative value in our study range and during some periods, the data 
series is close to zero. Therefore, for the UC variable, we judge its performance by looking at the static 
and dynamic solution presented in Figure 3.7 and Figure 3.8, which shows good fit over the simulation 
period.  
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zero, expressing a good predictive performance of the model. We therefore move ahead for 
scenario analysis.  
 
Table 3.3 Error statistics of the housing model 
 Static  Dynamic 
Variables RMSPE MAPE U  RMSPE MAPE U 
P 3.17 2.14 0.01  4.88 3.99 0.025 
priHflow  6.50 5.28 0.03  8.11 6.51 0.041 
pubHflow  5.77 4.59 0.03  6.43 5.42 0.035 
pristockH  0.13 0.10 0.0005  2.48 2.30 0.012 
Vac 7.11 5.69 0.032  12.21 10.05 0.057 
 
3.5 Scenario Analysis 
Like all other markets, the housing market is driven by forces either from the demand or 
supply side. In this section, we carry out some scenario analysis to investigate how the 
endogenous variables respond to a shock from either the demand or the supply side. It 
provides insight for policy makers, who under different circumstances may need to choose a 
supply management or a demand management to fine-tune the housing market. For the 
demand side, we choose the sub-sale rate, the interest rate and population variables to see 
how a given unit of change in these exogenous variables impact house prices. For the supply 
side, we are interested in how a change in the contract awarded for both private and public 
residential buildings affects various endogenous variables in the housing model.  
 
3.5.1 Sub-sale rate scenario (1% decrease) 
Sub-sale of a private property in Singapore refers to the case that a person buys a property 
and sells it again before the completion of the housing unit. The percentage of sub-sale 
transaction among all housing transactions is termed as the sub-sale rate, often used to 
measure speculation in the property market. The risk in a sub-sale purchase arises from 
investors who get into the market near the peak and make a 10-20% down payment of a 
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property which they cannot secure a loan for. If the real estate cycle turns before the property 
is completed, investors would have to bear losses they cannot afford.  
Sub-sale transactions in the Singapore housing market were partially facilitated by 
the recently abolished Deferred Payment Scheme. In October 1997, the government allowed 
developers to offer purchasers of uncompleted private residential property the option to defer 
part of the progress payment to a later stage, after an initial 20% down payment. 
Subsequently, in November 2001, the government further allowed developers to defer up to 
half of the initial down payment till the issue of Temporary Occupation Permit. These 
arrangements allowed speculators to cream off capital gains without securing much finance 
for it. More recently in October 2007, the government announced the withdrawal of the 
Deferred Payment Scheme, with the intention to bring down the sub-sale rate and cool the 
real estate market. Therefore we make up this scenario to study how a one-off decrease in the 
sub-sale rate affects the house prices. Figure 3.9 illustrates the impact of a 1% decrease in 
sub-sale rate on the private property price in subsequent quarters and Table 3.4 records the 
dynamic multipliers. Private property price drops instantaneously by 0.175% after the shock. 
Interestingly, price shows some cyclical phenomenon. In the fourth quarter after the shock, 
the percentage deviation of price compared with the baseline solution overshoots to a positive 
value, indicating an over reaction in house price to the one-off decrease in the sub-sale rate. 
In the long run, the dynamic multiplier is close to zero, suggesting that a lowering of the sub-
sale rate may bring down the house price in the short and medium term, but may not have 
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Figure 3.9 Impact on private property price of a 1% decrease in the sub-sale rate  
    (% Deviation compared to the baseline solution) 
 
Table 3.4 Dynamic multiplier of private property price for a 1% decrease in the sub-sale rate 
 0 qtr 1 qtr 4 qtr 8 qtr 12 qtr 36 qtr 
P -0.175 -0.264 -0.306 -0.246 -0.152 -0.009 
 
 
3.5.2 Interest rate scenario (1% increase) 
Interest rate is the cost shifter in household demand for private property. A rise in the interest 
rate causes higher financial burden for a house purchase, hence discouraging demand. 
Keeping other variables unchanged, a rise in the interest rate will bring down the house price. 
We set up this scenario to study the impact and dynamic multipliers of a temporary increase 
in the interest rate on house price. Figure 3.10 plots the impact of a temporary 1% increase in 
the interest rate in the subsequent quarters on house price. Table 3.5 tabulates the dynamic 
multipliers. The impact from an increase in the interest rate has a one quarter delay on private 
property price. The magnitude of the impact is quite substantial in 2 years, however, as in the 
case of the sub-sale rate scenario, the impact on price shows a cyclical phenomenon. Price 









4 8 12 16 20 24 28 32 36
P (% Deviation)
 
Figure 3.10 Impact on private property price of a 1% increase in the interest rate  
      (% Deviation compared to the baseline solution) 
 
Table 3.5 Dynamic multiplier of private property price for a 1% increase in interest rate 
 0 qtr 1 qtr 4 qtr 8 qtr 12 qtr 36 qtr 
P 0 -0.024 -8.421 -7.97 -5.88 -0.856 
 
 
3.5.3 Population scenario (1% increase) 
As discussed in section 3.4, population is the engine of long-term housing demand. This is a 
relevant case for Singapore as the government has revised its goal of total population from 
5.5 million to 6.5 million. We set up this scenario to study how a change in population alters 
house prices. As population tends to alter housing demand in the long run, we are interested 
in the long run impact. Figure 3.11 presents the impact of a 1% increase in population on 
house price. Table 3.6 tabulates the dynamic multipliers. Price deviation still shows some 
cyclical phenomenon, though not too severe. In the long run, a 1% increase in population 
drives up the private property price by 1.1%, as expected, very close to the OLS estimation 
for the long-run price equation in Table 3.1. Therefore, as population increases in the long 
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Figure 3.11 Impact on private property price of a 1% increase in population  
      (% Deviation compared to the baseline solution) 
 
Table 3.6 Dynamic multiplier of private property price for a 1% increase in population 
 0 qtr 1 qtr 4 qtr 8 qtr 12 qtr 36 qtr 
P 0 0.054 0.327 0.684 0.945 1.102 
 
 
3.5.4 Private sector contracts awarded scenario (1% increase) 
A shock in the supply side is more complicated in our housing model. It not only affects 
housing supply, but also transfers through the stock-flow relation into the demand side of the 
market. We set up this scenario to investigate how a temporary increase in contracts awarded 
in the private residential sector may change housing supply, house price and housing stock. 
Figure 3.12 displays impact of a 1% increase in the value of contracts awarded for private 
residential buildings on these three endogenous variables and Table 3.7 records the dynamic 
multipliers. The impact on private housing supply delays one quarter and it lingers over the 
subsequent periods. The impact peaks in half a year by 0.081%. A 1% increase in contracts 
awarded in the private sector raises private housing supply by 0.86% in 36 quarters. The 
impact on house price enters only in the third period but it lingers long, showing price 
persistence in the market. The dynamic multiplier of house price 36 quarters after the shock is 
-2%. The persistence may be the result of slow depreciation of the housing stock. It takes 
time for houses to depreciate and hence, for price to go back to its original level. This 
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scenario shows that a developer’s construction decision may have persistent effects on house 






















4 8 12 16 20 24 28 32 36
H_pristock
 
Figure 3.12 Impacts on endogenous variables of a 1% increase in contracts awarded for  
                   private residential buildings (% Deviation compared to the baseline solution) 
 
Table 3.7 Dynamic multipliers of endogenous variables for a 1% increase in contracts 
                awarded 
 0 qtr 1 qtr 4 qtr 8 qtr 12 qtr 36 qtr 
priHflow  0 0.033 0.25 0.46 0.60 0.86 
pristockH  0 0.001 0.02 0.075 0.144 0.56 
P  0 0 -0.002 -0.035 -0.138 -2.0 
 
 
3.5.5 Public sector contracts awarded scenario (1% increase) 
In this scenario, we are interested to see how a shock in the contracts awarded in the public 
residential sector may be transferred into the private sector. Figure 3.13 shows the impacts of 
the 1% increase in  on the private housing supply, public housing supply, private 
property price and private property stock. Table 3.8 tabulates the dynamic multipliers of these 
endogenous variables. Both private and public housing supply increases with respect to the 
1% increase in contracts awarded in the public sector. The private sector shows some over-
adjustment phenomenon, that there is negative deviation in the 10
pubCA
th quarter after the shock. 
But in the long run, 1% increase in  still causes the private housing supply to increase 
by 0.015%. The impact on private property price is small in the short run, but in the long run, 




shows that an adjustment in the public residential investment decision has effects on the 
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Figure 3.13 Impacts on endogenous variables of a 1% increase in contracts awarded for 
                   public residential buildings (% Deviation compared to the baseline solution) 
 
Table 3.8 Dynamic multipliers of endogenous variables for a 1% increase in contracts 
                awarded 
 0 qtr 1 qtr 4 qtr 8 qtr 12 qtr 36 qtr 
pubHflow  0.055 0.157 0.481 0.727 0.855 0.993 
priHflow  0 0.011 0.072 0.099 0.093 0.015 
pristockH  0 0.0004 0.006 0.019 0.030 0.050 
P  0 0 -0.001 -0.010 -0.035 -0.220 
 
3.6 Conclusion 
In this chapter we set up a simultaneous system of equations for Singapore’s private 
residential housing market. We adapt the stock-flow framework and include the supply and 
demand side expectation, the vacancy rate and the price adjustment into the model. House 
price in the long run is determined by disposable income, the CPF component of financial 
wealth, population, housing stock and the user cost of home-ownership. Price bubbles existed 
in the early 1980s and the 1994-1996 private housing boom, during which actual prices 
deviated from the long-run price trend. In the short run, the price adjusts towards the long-run 
equilibrium, but at a slow speed. The interest rate, the vacancy rate and the sub-sale rate have 
impact on prices in the short run. For the supply side, we introduce an expectation-laden 
variable, contracts awarded, into the supply equation. This helps us to avoid the 
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misspecification of expectation. The public sector has a crowd-in effect on the private sector, 
suggesting that public housing and private housing tend to grow together in the study period. 
The model tracks the market well over the simulation period 1995Q2 to 2007Q2.  
Scenario analysis provides insights for policy makers how certain policy variables 
may change house price and market conditions. On the demand side, a drop in the sub-sale 
rate helps the market to cool down in the short or medium run but may not have a strong 
effect in the long run. The sub-sale rate itself is not a policy variable, but it can be affected 
through housing policies. An increase in the interest rate has quite substantial effect on 
reducing the house price. A 1% increase in the interest rate reduces house price by 8.4% 
within one year, and 0.9% in the long run. The increase in population has a long-term effect 
on housing demand, hence house prices. The dynamic multiplier in the long run shows a 1% 
increase in house price in response to a 1% increase in population. Policy makers need to be 
cautious of changing these policy variables, as price responses tend to have a cyclical effect, 
indicating an over reaction towards an exogenous shock. Scenario analysis on the supply side, 
contracts awarded in the private sector, shows a persistent change in house price and housing 
stock, implying that it takes time for housing stock to depreciate and hence, for the price to 
return to its original level.  Changes in contracts awarded in the public sector will be 
transferred into the private sector and adjust the private housing price correspondingly, 








Chapter 4 Affordability 
4.1 Introduction 
After forty years of development, Singapore now has the biggest public housing sector 
among all developed countries. In 2006 the public sector accounted for 79% of the total 
housing stock and accommodated 82% of the total population (Yearbook of Statistics 
Singapore, 2007). Unlike Hong Kong, which also has a big public housing sector but with a 
large proportion of public house renters, Singapore has achieved a high rate of public home-
ownership. Facilitated by various government policies (for example, the Approved Housing 
Scheme introduced in 1968, subsidized new public flats supplied by the Housing and 
Development Board (HDB), subsidized housing loans38  etc), public home ownership has 
reached 84% of the resident population in Singapore (Yuen et al., 2006). On the other hand, 
Singapore’s private housing sector also has also grown over the years. Originating as a 
market that mainly served the housing needs of high-income families and foreign expatriates, 
private residential properties have become reachable to middle class families in the recent 
decade.   
One pertinent question we may ask is that if public housing supply is providing well 
for the country’s housing needs, why is the affordability of private residential property still an 
issue worthwhile investigating? There are several reasons for this concern. First, there is an 
increasing interaction between the public and private housing sectors. Some major policy 
changes have made the distinction between the public and the private sector less clear. For 
example, CPF could only be withdrawn for the purchase of public housing in the period of 
1968-1980, but it was extended to the payment of private housing purchases in 1981 under 
the Approved Residential Properties Scheme. The HDB resale market has been deregulated 
                                                 
38 HDB mortgage interest rate is pegged at 0.1% above CPF interest rate, which is generally 2% below 
the housing mortgage interest rate of commercial banks (Phang, 2001). A detailed housing policy 
summary is in Appendix C.  
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since 1989 such that HDB-dwellers are allowed to purchase private property.39 The provision 
of subsidized funds and the removal of policy restrictions have bridged the public and private 
sectors and directly triggered the upgrading trend in the Singapore housing market. Upward 
mobility is well noted in the local literature and much concern has been made on the enabling 
factors of affordability in housing mobility (Yuen et al., 2006, Lee and Ong, 2005).  
Second, an intertwined housing price structure shapes the aggregate housing market. 
There are three housing submarkets in Singapore: the new HDB flat market, the HDB resale 
flat market and the private property market. As the latter two are market driven, they tend to 
be affected by a similar set of macroeconomic fundamentals and price pressures are spilled 
over between the two markets. As for the new HDB flats, since 1990 the government revised 
its target from affordability to quality. Though the new flats are still sold at a subsidized price, 
it is partially pegged to the resale market price (Ng and Chow, 2004). Given the above, a 
spike in the private housing sector will filter down into the HDB resale flat market and the 
HDB new flat market.  
Thirdly, government targets in the long term show clear intentions of relying on the 
private sector to meet housing needs. Singapore has set a higher population target (from 5.5 
million to 6.5 million) but a lower percentage of the population dwelling in public housing 
(from 90% to 75%). To meet the future increase in demand for private residential properties, 
supply has to be well planned in the private sector to avoid house price spikes. This is closely 
connected to the affordability issue.  
A measure of housing affordability is an important indicator for policy makers. 
However it is not a clearly-defined term as pointed out by Quigley and Raphael (2004b). 
“Affordability” is a single term which jumbles many different issues. It is affected by, to 
mention a few, house prices, house quality, household income both in the long run and short 
run, and financial market imperfections. Therefore, there are various ways of specifying a 
                                                 
39 Phang and Wong (1997) provided a detailed policy change summary.  
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housing affordability index which may lead to very different public policy approaches. Gans 
and King (2004) distinguished between long-term and short-term affordability. The key 
difference here is income. Households with long-term affordability problems are those who, 
in their lifetime, are unlikely to have sufficient income to purchase a house. Short-term 
affordability problem concerns households who may have lifetime income sufficient for a 
house purchase, but face short-term restrictions of financing it. The restrictions may come 
from income fluctuations, the availability of finances, etc. Gans and King (2004) pointed out 
that these two measures lead to different policy approaches. A long-term affordability 
problem requires the government to make policies that will boost up household permanent 
income, while policy makers can deal with the short-term affordability problem of income 
uncertainty and provide options of short-term finances. Unfortunately, without further 
elaboration, the authors put their emphasis on the short-term affordability measure. Quigley 
and Raphael (2004b) expressed their concern over the limitation of short-term affordability 
measures. They argued that housing choice as one of the biggest expenditures for a household 
is likely to be made based on self-assessments of permanent income rather than current 
annual income. Households are unlikely to adjust housing consumption in response to short-
run fluctuations of income. However, they did not suggest a long-term affordability measure. 
In fact, long-term affordability measure doesn’t get enough attention in the literature. In this 
chapter, we suggest a long-term affordability measure that takes into account lifetime income. 
 
4.2 Long-Term Income Measures 
One major challenge to construct a long-term affordability measure is the construction of 
unobserved lifetime income. Digging into the literature on consumption studies, we have two 
candidates for lifetime income. One is Modigliani and Brumberg’s (1954) life cycle income, 
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and the other is Friedman’s (1957) permanent income. Below is a brief review of these two 
studies.40
 
(i) Life Cycle Income 
Modigliani and Brumberg’s life cycle income borrows the idea from Irving Fisher that 
consumption in different periods should be decided by lifetime wealth, instead of current 
income. In other words, consumption choices should be constrained in the following lifetime 
budget: 
1
1(1 ) (1 )
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= + + =+ +∑ ∑ i TY −       (4.1) 
where is consumption in each period, r is the discount rate, iC 1TA −  stands for non-human 
wealth carried over from last period,  is the current household income and is each 
period’s expected future income, starting from (T+1) till the household’s retirement age N. 
Hence life cycle income is specified as the sum of current income and discounted value of 
future income series with a forward-looking expectation. Life Cycle Hypothesis (LCH) 
argued that consumption in different periods of the life span are planned to be proportionate 






(ii) Permanent Income 
Permanent income hypothesis (PIH) proposed by Friedman (1957) specified consumption as 
a function of total wealth and interest rate, where total wealth is defined as: 
1 2 3
2 3 ...(1 ) (1 ) (1 )
t t t
T t
Y Y YW Y
r r r
+ + += + + + ++ + +        (4.2) 
iY  (i=t,t+1,t+2,…) is slightly different from the Life Cycle Hypothesis in that it refers to all 
future receipts including income from assets ( physical and financial assets). Furthermore, 
                                                 
40 See Thomas (1993) Chapter 10 for a detailed summary. 
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Friedman introduced a theoretically defined income, permanent income 41pY  and suggested a 
time series estimation of the permanent income: 
2
1 2(1 ) (1 ) ...
p
t t t tY Y Y Yλ λ λ λ λ− −= + − + − +     , 0 1λ< <      (4.3) 
where the value of λ  is chosen such that it provides the best fit for the consumption 
regression ˆ ˆˆ ptC tYα β= + . There are several practical difficulties of estimating permanent 
income. First, the distributed lag of past incomes specification is fairly arbitrary and the value 
of λ depends on the study range. Second, as consumption can be categorized into non-
durable goods, durable goods and services, there are no grounds for saying each type of 
consumption is ruled by a unique specification of permanent income. Friedman himself also 
admitted: “We have interpreted the exact meaning of permanent income in terms of the 
horizon of the consumer units. Now there seems to be no reason why the horizon should be 
the same for all individual categories and consumption and some reasons why it should differ 
systematically. For example, it seems highly plausible that housing expenditures are planned 
in terms of a longer horizon, and so a different concept of permanent income, than 
expenditures on, say, food.” Later development in the literature provides other ways to 
estimate permanent income. Among many, MaCurdy (1982) showed that individual income 
is represented better by the sum of a random work and an MA(1) component, suggesting that 
backward looking methods of computing permanent income can be fairly misleading. Similar 
results were found by Gottschalk and Moffitt (1993) and Meghir and Pistaferri (2002). As we 
are going to adopt the Life Cycle Hypothesis for our derivation of lifetime income, we decide 
not to do a thorough survey for various measures of permanent income here.42
                                                 
41 Permanent income is the maximum amount a consumer can consume while maintaining his wealth 
level. 
42 See Meghir (2004) for a survey on permanent income.  
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4.3 Lifetime Income 
For this exercise, the derivation of lifetime income is made possible by the availability of 
unpublished income data provided by Department of Statistics, Singapore. We have 12 
years43 of median household income among resident households by age group of household 
head in 5 year interval from 20 to 64 years old. For estimating lifetime income, the ideal 
income data should be panel data, where each household is tracked over the years for their 
income. However, this kind of data is not available for Singapore households. The data we 
now have is regarded as pseudo-panel data in the literature, first extensively studied by 
Deaton (1985, 1997). Pseudo-panel data refers to a time series of independent cross-sectional 
data. Each cross-sectional survey randomly selects different households, so that it is not 
possible for us to follow individuals over time. But it is possible for us to follow cohorts 
defined by the year of birth over time. For example, average characteristics (also possible for 
others, like median or different quantiles) of the 30-year-old group in the 1990 survey will be 
observed again as the 31-year-old group in the 1991 survey, and so on.  
By analyzing such a pseudo-panel income data, we are able to separate out cohort 
effect from each cross-section and test the hump-shaped age-income curve predicted by Life 
Cycle Hypothesis. There are many cohorts alive in one particular year. A cohort can be 
different from each other in many ways, to name a few, education, economic opportunity, 
fertility choice and most importantly, productivity. Deaton (1997) regarded these differences 
as cohort effect, which shifts the life cycle age-income profile upward as each generation 
becomes better-off than its predecessors. For a cross-sectional data of income, the life cycle 
age-related component and the cohort effect are mixed together as people from various 
cohorts are pooled together. It could be misleading to test Life Cycle Hypothesis using cross-
sectional data. As we can see from Figure 4.1, the age-income profile for independent cross-
                                                 
43 Year 1990, 1995, 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004, 2005, 2006. 
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sections provides a bi-modal shape curve which cannot be easily explained by Life Cycle 
Hypothesis. But if we plot the age-income profile by different cohorts, as shown in Figure 4.2, 
we have three observations: First, the income profile for later cohort stands at a higher 
position than their predecessors and the gap is represented by the cohort effect. Second, age-
income profiles for different cohorts are roughly parallel to each other, which provides 
support of assuming cohort effect to be fixed for the entire life span of each cohort. Third, 
income climbs up in younger ages and drops at older ages, which shapes out the familiar 


























































Figure 4.2 Annual median age-income profile by cohorts 
                                                 
44 Our age groups starts from age 20 and ends at age 64, with 5 year as an interval. We take the 
midpoint of the 5-year age interval as the approximation of age for the cohort. C36-40 refers to the 
sample group that was born in 1936-1940, likewise C41-45 refers to the sample group that was born in 
1941-1945.  
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Another product of analyzing the pseudo-panel data is that as cohorts grow old, we 
can observe their income streams by reading the respective age group and year. Table 4.1 
illustrates a cohort plan: 
Table 4.1  Cohort plan 
Age(yr) 1990 1995 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 
20-24 C66-70 C71-75 C71-75 C71-75 C71-75 C76-80 C76-80 C76-80 C76-80 C76-80 C81-85 C81-85 
25-29 C61-65 C66-70 C66-70 C66-70 C66-70 C71-75 C71-75 C71-75 C71-75 C71-75 C76-80 C76-80 
30-34 C56-60 C61-65 C61-65 C61-65 C61-65 C66-70 C66-70 C66-70 C66-70 C66-70 C71-75 C71-75 
35-39 C51-55 C56-60 C56-60 C56-60 C56-60 C61-65 C61-65 C61-65 C61-65 C61-65 C66-70 C66-70 
40-44 C46-50 C51-55 C51-55 C51-55 C51-55 C56-60 C56-60 C56-60 C56-60 C56-60 C61-65 C61-65 
45-49 C41-45 C46-50 C46-50 C46-50 C46-50 C51-55 C51-55 C51-55 C51-55 C51-55 C56-60 C56-60 
50-54 C36-40 C41-45 C41-45 C41-45 C41-45 C46-50 C46-50 C46-50 C46-50 C46-50 C51-55 C51-55 
55-59 C31-35 C36-40 C36-40 C36-40 C36-40 C41-45 C41-45 C41-45 C41-45 C41-45 C46-50 C46-50 
60-64 C26-30 C31-35 C31-35 C31-35 C31-35 C36-40 C36-40 C36-40 C36-40 C36-40 C41-45 C41-45 
 
By following the same cohort over the years, we are able to get a time series of its 
income. Take the cohort that was born in 1966-1970 (C66-70) as an example. In 1990, their 
median income is observed in the 20-24 age group. Moving on to 1995, their median income 
is observed again but in the 25-29 age group. This time series of income provides us 
information to estimate lifetime income for each cohort. However, for lifetime income 
calculation we need continuous and complete income profile from age 20 to age 64. For the 
data we have here, some of the cohorts are observed in the initial section of the life cycle 
profile (for example, C66-70 is observed at 20-39 age range), while others only in the end of 
their life cycle profile (for example, C36-40 is observed at 50-64 age range). Hence, we need 
to figure out a way to fill in the missing income points. We borrow a method from Robert 
Moffitt (1982)45 who was also looking for a measure of lifetime wealth to study the fertility 
cycles in the United States. Moffitt suggested a regression method by including cohort 
dummies and age polynomials to get the estimated income for the missing points.  
                                                 
45 Robert Moffitt also applied the same method to get after-tax cohort earnings, though he made some 
modifications. See Moffitt (1984). 
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2
0 1 2 1 2
ˆlog 1 2 ...Y Cohort Cohort Age Ageα β β γ γ= + + + + + + ε .    (4.4) 
This estimation does not come without costs. As the cohort effects are represented by dummy 
variables, the regression holds only when the income profiles of cohorts differ in height but 
not in slope. The author argued based on Easterlin’s (1973) hypothesis that differences in the 
age-income profiles of different cohorts are caused by differences in relative cohort size, 
which remain constant over a cohort’s life cycle. By plugging in age values, the regression 











= +∑ ,         (4.5) 
where  is the fitted value of income at age A, AˆY AP  is the probability of living from age 20 to 
age A. d stands for the discount rate which was set to be 0.05 in Moffitt’s study.  
We apply the same regression method for Singapore data. We justify the use of the 
cohort effect dummy further by observing from Figure 4.2 that income profiles are roughly 
parallel among cohorts. Here all transitory components that affect income level are captured 
in the error term.  
ˆlog 6.088 0.015( 31-35) 0.113( 36-40) 0.102( 41-45) 0.129( 46-50)tY C C C C= + − − −  
 (18.6)   (0.15)                (-1.16)              (-1.0)                  (-1.11) 
               0.16( 51-55) 0.002( 56-60) 0.31( 61-65) 0.56( 66-70) 0.75( 71-75)C C C C C− − + + +
               (-1.3)                 (-0.02)               (2.2)                (3.8)                 (4.8)                  
             0.76( 76-80) 0.77( 81-85)C C+ + 20.191 0.00193Age Age+ −  
               (4.6)                (3.8)                 (13.5)         (-12.4) 
           (4.6) 
2R =0.64, DW=0.51, SE=0.18, t-statistics in the parentheses 
 
Figure 4.3 shows the cohort effect (coefficients of the cohort dummies) and Figure 
4.4 is the age-income profile after controlling for the cohort effects. We need to interpret the 
cohort effect cautiously. The median income data that we have is a summary statistic by age 
group at 5-year intervals, so that we are not able to control for year effect in the regression. In 
other words, if we have income data by age from 20 to 64, instead of age group, we will be 
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able to decompose income into age, cohort and year effect by setting age dummy, cohort 
dummy and year dummy as proposed by Deaton (1994). Using the data we currently have, 
cohort dummy coefficients from the regression may contain noises from the year effect that 
we are not able to separate out. This may provide possible explanation of the mild dip for 
Cohort 31-35, Cohort 39-40, Cohort 41-45 and Cohort 46-50. These cohorts were in their 
working age in the 1985 recession in Singapore. The relatively lower cohort effect 



































































Figure 4.4 Age effect 
 
 64
After filling in the missing income points using the regression method, we are able to 
calculate the lifetime income for each cohort using Moffitt’s formula. We set the discount 
rate to 0.05 which is roughly the average prime lending rate in Singapore. Given that 
Singapore’s mortality rate is very low, the probability of surviving to the next year is close to 
1, except for the older ages. Due to difficulty of getting the data, we fix AP as 1. As the cohort 
is grouped at a 5-year interval, our lifetime income for cohort is at the frequency of five years. 
In the attempt to get an annual time series of lifetime income, we applied the spline method in 
SAS to interpolate lifetime income at the annual frequency. This method should provide 
reasonable estimates since lifetime income moves smoothly over time. Figure 4.5 presents 
lifetime income by year of birth from 1926 to 1985. It is interesting to see that lifetime 
income of cohorts born before the 1960s was very stagnant. With the rapid growth of 
independent Singapore since 1960s, lifetime income of the later cohorts also grows rapidly. 
Growth of lifetime income dwindles for cohorts born after 1975. These cohorts entered their 
working age after the mid 1990s when Singapore economy entered a turbulent period starting 






























































Figure 4.5 Lifetime income by year of birth 
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4.4 House Price and Mortgage 
Similar to the idea that lifetime income is represented by the discounted present value of 
future income streams, house price can be represented by a discounted present value of future 
mortgage cost. Typically a house purchase is financed by taking a mortgage which involves 
an interest cost and by paying a down payment out of personal savings, which also involves 
an interest cost in terms of forgone interest earnings. Therefore, for simplicity, we can set the 
house price equal to a fixed rate N-year mortgage quantum L (loan), which requires an annual 
re-payment of R. If the mortgage rate is r and house price is P we have: 
2
1 1 1 1 (1 )( ... ) (
1 (1 ) (1 )
N
N
rP L R R
r r r r
−− += = + + + =+ + + ) .    (4.7) 
Therefore, there is an analogy between house price and lifetime income, that both are 
represented by a discounted present value and can be used in a meaningful way to construct 
an affordability index.  
 
4.5 Housing Affordability Index 
As mentioned earlier, there is a wide range of definition of housing affordability. Several 
measures that are more applicable to Singapore are noted in the local literature. The measure 
of accessibility defined by the Australia National Housing Strategy (ANHS, 1991) is 
determined by the household’s ability to afford down payment. The measure of affordability 
proposed by Keare and Jimenez (1983) and Kamath (1988) evaluates the household’s ability 
for mortgage payments. Considering Singapore’s upgrading phenomenon, Ong and Sing 
(1999) suggested a modified measure of affordability, which they termed as Threshold 
Upgradability Index (TUI). TUI accounts for the scenario that a household in the public 
housing sector is qualified for upgrading to private housing sector if the resale of the HDB 
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flat generates enough cash for down payment and the household’s current income level is 
sufficient for mortgage payments (Yuen et al., 2006, Lee and Ong, 2005).  
 
4.5.1 Housing Affordability Index (HAI) 
The affordability measure we suggest below takes a different perspective on housing 
affordability. We stress our concern on the argument that a household should assess income 
in the lifetime for a housing purchase decision. Based on the lifetime income we constructed 








−=          (4.8) 
where  is an index of lifetime income by year of birth (t-age simply reflects year of 
birth),   is an index of private property price in Year t. To elaborate, refers to the 
housing affordability index of the 30-year old group in Year 1980. It is calculated by dividing 
the lifetime income of people born in 1950 ( ) by the private property price index at Year 
1980 ( ). Under this measure, when lifetime income goes up while keeping house price 
fixed, private properties become more affordable. If house prices rise, keeping lifetime 
income unchanged, private properties become less affordable to a household. As we only 
have private house price data from 1975, our starting year will be 1975. As we do not have 
income data for other quantiles, our affordability index is only able to observe the 







HAI can be calculated for different age groups. For brevity, in Table 4.2 we only 
present HAI for ages 25, 30, 35, 40 and 45. The table should be read vertically for movement 
of HAI for each group of people at a particular age over the years. HAI for each age is set to 
100 at the starting Year 1975. Observing that the movement of HAI for each age group is 
roughly the same, we take HAI for 30-year old group as a representative for interpretation. 
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Reading from Figure 4.6, we observe that the private property affordability measured by HAI 
lost most of its ground in the 1980s when Singapore experienced a private house price boom 
in the early 1980s. The private property price peaked in 1983 and was slowly brought down 
by the recession in 1985. From the late 1980s to the early 1990s, HAI gradually went down, 
indicating that growth of lifetime income cannot catch up with the private property price 
growth in this period. It followed with a dramatic drop in 1994, when the private property 
market in Singapore experienced a price hike. Private property prices peaked in 1996 and 
were cooled down by government interventions and the subsequent Asian Financial Crisis in 
1997. This price escalation hurt people’s affordability of private property greatly, HAI 
dropped more than 20% in 1994. More recently, private house prices rocketed in 2007. Year-
on-Year growth rate of private house prices exceeded 20% consecutively since 2Q 2007. 
Great concern is raised regarding the affordability of private residential property. Our HAI 
shows that affordability deteriorated in 2007, though not as dramatic as the case in 1994. 
Affordability index can also be constructed for different property types using the same 
method. In the case of the Singapore private property market, it has apartment, condominium, 
terrace house, semi-detached house, detached house and landed property. For brevity, we are 



















Table 4.2 Housing Affordability Index (HAI) by age 
Year/Age 25 30 35 40 45 
1975 100.0 100.0 100.0 100.0 100.0 
1976 93.9 94.2 95.3 91.9 95.2 
1977 95.2 95.0 97.8 90.9 96.7 
1978 94.8 93.2 97.7 88.3 94.9 
1979 79.4 76.1 81.0 72.3 76.9 
1980 48.3 44.8 48.1 43.0 44.5 
1981 29.3 26.1 28.1 25.4 25.4 
1982 30.2 25.7 27.5 25.3 24.4 
1983 28.4 23.1 24.3 22.8 21.3 
1984 31.9 24.7 25.4 24.2 22.3 
1985 40.4 30.1 29.9 28.7 26.6 
1986 49.1 35.4 33.8 32.5 30.5 
1987 44.2 31.2 28.5 27.3 26.0 
1988 44.1 30.8 26.8 25.4 24.6 
1989 41.6 29.2 24.2 22.3 22.0 
1990 38.8 27.5 21.9 19.5 19.4 
1991 37.0 26.5 20.5 17.5 17.5 
1992 34.8 25.3 19.2 15.7 15.5 
1993 27.6 20.3 15.2 11.9 11.6 
1994 20.1 14.9 11.2 8.4 8.0 
1995 18.0 13.5 10.2 7.3 6.7 
1996 16.8 12.7 9.8 6.8 6.0 
1997 19.0 14.7 11.4 7.8 6.6 
1998 26.4 20.9 16.5 11.1 8.9 
1999 26.1 21.3 17.0 11.4 8.8 
2000 23.2 19.7 15.9 10.8 8.0 
2001 25.8 22.8 18.5 12.8 9.2 
2002 27.5 25.2 20.8 14.6 10.2 
2003 27.9 26.2 22.2 15.7 10.9 
2004 28.0 26.6 23.4 16.7 11.6 
2005 27.3 26.0 23.8 17.1 12.0 
2006 25.6 24.3 23.1 16.8 12.0 













































Figure 4.6 Housing Affordability Index (HAI) for 30-year old group 
 
4.5.2 Housing Affordability Index-adjusted (HAI-adjusted) 
One shortcoming of our HAI is that though we account for long-run income, we are not able 
to capture the wealth effect in the consumption of housing. In the dataset we have, income 
refers to the sum of income received by all members of the household from employment and 
business, therefore cash receipts from property or other transfers are not included (Census of 
Population, Singapore). We recall in section 4.2, that the Life Cycle Hypothesis suggests that 
consumption plan is not only determined by current and expected future income series, but 
also by aggregate net wealth (financial and physical assets). Net wealth appreciation increases 
the household’s total wealth, hence boosting up consumption. Unfortunately, there is no data 
on net asset wealth for Singapore. Data on the capital gain that a household makes from 
selling an owner-occupied property is also not available. Acknowledging the fact that most of 
the upgraders from public to private housing in Singapore rely entirely or largely on cash 
proceeds from the sale of HDB flats for down payment of the private property purchase, we 
propose below a way to adjust our HAI so that it can capture the wealth effect from the 










−= h        (4.9) 
where the relative price /HDB htP Pt
                                                
 (HDB resale price to private property price ratio) is in an 
index form which captures the effect of differential growth rate of the two price series. An 
index value greater than unity indicates that HDB resale price is growing faster than the 
private property price. The HDB resale price index released by the Housing and Development 
Board starts from 1990 and we set the 1990 value of the price ratio index to unity. Keeping 
income and private property price the same, an increase in resale price of HDB flats provides 
a bigger amount of cash for down payment, leaving a smaller mortgage burden for the 
household to finance the private property. It should be noted that there might be an over-
adjustment bias here. In Singapore, when a household sells its owner-occupied HDB flat in 
the resale market, it has to pay back the outstanding loans of the flat if any, return the CPF 
housing withdrawals with interest and settle relevant payments46 before completion of the 
resale transaction. Therefore, a household may not be able to make use of all the cash 
proceeds from the transaction for down payment of the private property. There will also be a 
case that a household clears the minimum down payment using a portion of the cash proceeds 
and keeps the rest for other investment purposes. As we have no way to factor in all these 
cases, our adjustment in HAI-adjusted is just a preliminary one, suggesting the possibility that 
the household’s affordability of private property will be enhanced by the wealth effect of its 
existing physical assets.  
Table 4.3 presents the comparison of HAI and HAI-adjusted for the 30-year old 
group. We observe from Figure 4.7 that the household’s affordability for private property 
adjusting the HDB wealth effect improved since the late 1990s. This is due to the fact that the 
HDB resale price has higher year-on-year growth rate than that of the private property price 
 
46 Relevant payments are like upgrading cost, applicable for the HDB flats that are affected by HDB’s 
Main or Lift Upgrading Program and upgrading levy, applicable for the flats in an upgrade precinct.  
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because of  market deregulation and housing loan liberalization since 1993 (see Appendix C 
for a policy summary). But in general, there is co-movement in HAI-adjusted and HAI. Price 
spirals in various private property market booms still deteriorated the household’s 
affordability of private properties, even considering that they may get a bigger reap from 
selling their HDB flats during these booms. 
Table 4.3 Comparison of HAI and HAI-adjusted for 30-year old group 
Year HAI HAI-adjusted 
1990 27.5 27.5 
1991 26.5 24.6 
1992 25.3 22.1 
1993 20.3 21.0 
1994 14.9 13.7 
1995 13.5 13.2 
1996 12.7 15.6 
1997 14.7 20.2 
1998 20.9 31.8 
1999 21.3 31.1 
2000 19.7 26.4 
2001 22.8 30.9 
2002 25.2 35.6 
2003 26.2 39.7 
2004 26.6 42.2 
2005 26.0 39.1 
2006 24.3 34.0 



















































Figure 4.7 HAI and HAI-adjusted for 30-year old group 
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4.5.3 Income-Price Ratio 
To get a rough idea on the magnitude of the housing affordability or non-affordability, we 
calculate the Income-Price ratio (I/P) for the 30-year old age group. Here I refers to lifetime 
income for a median income household we constructed in section 4.3 and P refers to the 
average private property price.47 If Income-Price ratio takes the value of one, it means that 
the median income household’s lifetime income is only exactly enough for a private property 
at average price. In other words, if median income households buy an averagely priced 
private property, they lock their entire lifetime income in the property. Any value below unity 
suggests that households are in debt if they commit to an averagely (or higher) priced private 
property, as their lifetime income is not sufficient for such a purchase. First column of Table 
4.4 records Income-Price ratio for households with head at 30-years of age. The Income-Price 
ratio fell from 4.7 in 1975 to a value near one after 1992. During the 1994-1996 price 
escalation, Income-Price ratio fell below unity, suggesting that median income households 
would be in debt if they purchased an average price private property. In 2007, it fell again 
below one and went on a downward trend, calling social attention to the affordability of 
private property. Movement of the Income-Price ratio (I/P), presented in Figure 4.8, is similar 
to the movement of HAI. The advantage of the Income-Price ratio is that we can compare not 
only the change in the ratio over time, but also the magnitude of the ratio at a particular year 
is meaningful, as it shows how many times lifetime income is of a private property. The same 
computations for averagely priced HDB resale flat show a much better affordability condition. 
The second column of Table 4.4 is the Income-Price ratio for HDB resale flats ( )./ HDBI P 48 It 
                                                 
47 This is calculated based on the private price property index provided by URA and 1997 average 
private property price as S$ 1,308,000 estimated in Phang (2001).  
48 Average HDB resale price ( HDBP ) is calculated based on HDB resale price index provided by the 
Housing and Development Board. We base on 2007Q4 average price and work backward to get the 
price series. 2007Q4 is calculated as the weighted average of price for different flat types, using 
weights released by HDB (31% for 3-Room, 38% for 4-Room, 23% for 5-Room and 8% for Executive 
flats).    
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dropped from 8 in 1990 to 3 in 1996. It was kept at around 5 between 2001 and 2006, but the 
price spiral in 2007 led to a slight drop of the ratio to 4.5.  
Like the adjustment in the HAI-adjusted, for which we consider the net asset wealth 
effect on housing consumption, we also construct an Adjusted Income-Price ratio here. 
Similar to the argument for HAI-adjusted, our motivation for this adjustment is that existing 
physical assets in the household, or the capital gain of selling the owner-occupied property, 
enhances a household’s affordability of a private property. One possible scenario in 
Singapore is that cash proceeds of selling the owner-occupied HDB flats help a household to 
pay for the down payment of a private property purchase, and this factor is not captured in the 






in which we discount P by a fraction, (1 )
HDBP
P
− , to represent the remaining portion as 
mortgage that households need to finance from their lifetime income. The fourth column in 
Table 4.4 records the ratio of average HDB resale price and average private property price. 
The number fluctuates in the range of 15% and 25%. As discussed earlier, there is a 
possibility of over-adjustment. To repeat, part of the HDB resale cash proceeds may be used 
to clear the outstanding HDB housing loan for the sold flat if any and other relevant payments 
such as restoration of CPF housing withdrawal and interests. The household may also choose 
to keep part of the cash for other purposes, given the condition that they have cleared the 
minimum down payment49 and there is still a portion left. The third column of Table 4.4 
presents the value for Adjusted Income-Price ratio. Figure 4.8 displays a very similar 
movement as HAI-adjusted in Figure 4.7. But even when we consider the possible wealth 
effect, Adjusted Income-Price ratio still fell below unity during the 1994-1996 boom, 
                                                 
49 In May 1996, government set a minimum down payment as 20%. In Nov 2001, the government 
allowed the developers to defer up to half of the 20% down payment up till the issue of Temporary  
Occupation Permit under the Deferred Payment Scheme. In July 2005, minimum down payment was 
adjusted to 10%.  
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showing a substantial deterioration of the household’s affordability of private property during 
that period. We can derive pertinent policy suggestions by observing the Income-Price ratio 
and the Adjusted Income-Price ratio in that the optimal private property price inflation is the 
one that tracks the growth in lifetime income, so that it doesn’t erode housing affordability. 
Value below one should be avoided as it indicates that purchasing an averagely priced private 
property leaves a median income household in perpetual debt.  
Table 4.4 Income-Price ratio and Adjusted Income-Price ratio for 30-year old group 





HDBP P  
1975 4.70 - - - 
1976 4.43 - - - 
1977 4.46 - - - 
1978 4.38 - - - 
1979 3.58 - - - 
1980 2.10 - - - 
1981 1.23 - - - 
1982 1.21 - - - 
1983 1.08 - - - 
1984 1.16 - - - 
1985 1.41 - - - 
1986 1.66 - - - 
1987 1.47 - - - 
1988 1.45 - - - 
1989 1.37 - - - 
1990 1.29 7.87 1.54 0.16 
1991 1.25 8.19 1.47 0.15 
1992 1.19 8.00 1.40 0.15 
1993 0.95 5.61 1.15 0.17 
1994 0.70 4.67 0.83 0.15 
1995 0.63 3.96 0.76 0.16 
1996 0.60 2.98 0.75 0.20 
1997 0.69 3.04 0.89 0.23 
1998 0.98 3.93 1.31 0.25 
1999 1.00 4.19 1.32 0.24 
2000 0.93 4.22 1.19 0.22 
2001 1.07 4.81 1.38 0.22 
2002 1.18 5.10 1.54 0.23 
2003 1.23 4.95 1.64 0.25 
2004 1.25 4.82 1.69 0.26 
2005 1.22 4.97 1.62 0.25 
2006 1.14 4.97 1.48 0.23 
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Figure 4.8 Income-Price ratio and Adjusted Income-Price ratio for 30-year old group 
 
4.6 Conclusion 
In this chapter, we propose a new affordability measure which accounts for long-run income. 
It addresses the issue that housing choice, though likely to be curbed by short-run financing 
restrictions, should be a decision based on the assessment of long-run income. However, it 
doesn’t mean all other affordability measures are irrelevant, with most of them focusing on 
the short-term affordability. Rather, due to the data restriction and the fact that we apply the 
Life Cycle Hypothesis, our housing affordability index (HAI) is subject to certain 
assumptions. For example, one of the assumptions of the Life Cycle Hypothesis is that 
consumers can borrow using financial assets and future income as collateral freely. It neglects 
the liquidity constraint most of the households face while making consumption decisions of 
durable or non-durable goods. The liquidity constraint is exactly the point most of the short-
term affordability measures focus on. While we admit the shortcomings, a long-term 
affordability index like the one we propose in this chapter accounts for aspects that short-term 
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measures cannot capture. It provides a different perspective for the policy makers when they 
look at housing affordability issues. HAI constructed for Singapore shows that high private 
property price inflation hurts the household’s affordability, highlighted by the dramatic drops 
of HAI in the early 1980s, 1994-1996 and 2007. It indicates that growth in lifetime income 
fell far behind the growth in private property house price during these house price boom 
periods. HAI adjusted for HDB wealth effect displays that the deregulation in the HDB resale 
market enhanced the household’s affordability of private housing as they are allowed to 
transfer the capital gain from selling the owner-occupied HDB flats to the purchase of a 
private property. The Income-Price ratio provides a magnitude of the housing affordability. A 
value below unity indicates that buying an averagely priced private property leaves a median 
income household in perpetual debt. Like the deterioration of HAI in the 1994-1996 housing 
boom, Income-Price ratio fell below unity during this period. We suggest that the optimal 
private property price inflation in the long run will be the one that tracks the long-term 













Chapter 5 Conclusion 
In this thesis we focus on the private residential property market in Singapore. The private 
housing sector contains half of the nation’s housing wealth and the private property price 
movement affects significantly the national wealth and the aggregate consumption. In order 
to understand better the mechanism in this sub-market, we build a model which accounts for 
the demand and supply conditions of the market. Price adjustment and vacancy rate 
adjustment is also built into the model. We also consider the influences of the dominant 
public housing sector in both the demand and supply equations. Most of the equations are 
fitted using the error correction model technique. After all the behavioral equations are fitted, 
we link them together into a simultaneous system and use the Gaussian Seidel procedure to 
look for numerical solutions for all the endogenous variables in the model. Both static and 
dynamic solutions show good tracking performance of the model. The model is able to use 
fundamental variables like population and disposable income to explain the long-run price 
trend. It includes expectations from both the demand and supply side of the market, which is 
a missing in local housing models. The demand side expectation is introduced through the 
user cost of home-ownership variable. The supply side expectation is accounted for by using 
the expectation-laden variable, contracts awarded, in both the public and private residential 
sector. We also carry out scenario analysis to investigate how endogenous variables are 
impacted with respect to a shock in different exogenous variables. Based on the scenario 
results, we show that price tends to over-react to demand side shocks. We also show how an 
increase in public housing investment may affect the private housing market. This allows 
policy makers to use decisions on public housing investment to fine-tune the private housing 
market, besides other policy variables like the sub-sale rate and the interest rate.  
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We devote the second half of the thesis to construct a new housing affordability 
measure. Most of the existing housing affordability measures look at this issue in the short 
run, that they connect current income to property price. However, housing choice, as one of 
the biggest household expenditure, is made based on permanent income. We use the life cycle 
hypothesis and carry out some cohort analyses to construct the life time income for a middle 
income Singaporean household. Our housing affordability measure links lifetime income to 
the property price, such that it provides a long-term perspective on housing affordability. 
Being aware of the upgrading phenomenon, we adjust the affordability measure in order to 
capture asset wealth effect in the market. The results show that private property affordability 
has dropped from 1975. The housing boom in the early 1980s and the 1994-1996 price 
escalation hurt household’s affordability for the private residential property. In 2007, as the 
price inflates, the housing affordability measure shows a downward trend. We suggest that 
the optimal property price inflation should be the one that tracks the growth rate of the life 
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Appendix A: Error Correction Model Derivation 
Error correction model for housing supply: Derivation of a direct estimation equation 
Cointegration equation: 
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If cointegration relationship can be confirmed by Johanson test results, we can directly 
estimate Equation (A.2) as the error correction model, bypassing the estimating of Equation 







Appendix B: Data Description 
Variable Name Description Sample Range Source 
pristock
tH  Housing stock 1975Q1-2007Q2 Constructed 
pri









P Private residential 
property price index 
(2000=100) 
1975Q1-2007Q2 URA 
dY  Per capita disposable 
income (2000 price) 
1977Q1-2007Q2 Constructed 
FW Per capita CPF 
balances due to 
members (2000 price) 
1975Q1-2007Q2 DOS 
UC User Cost of home-
ownership 
1980Q1-2007Q2 Constructed 
F Population 1975Q1-2007Q2 Constructed 
i Prime lending rate 1975Q1-2007Q2 IFS 
yt  Marginal income tax 
rate 
1980Q1-2007Q2 Constructed 
pt  Property tax rate 1980Q1-2007Q2 IRAS 
sub-sale Sub-sale rate 1995Q1-2007Q2 URA 
vac Vacancy rate 1988Q1-2007Q2 URA 
pri
tTPI  Tender Price Index for 





tTPI  Tender Price Index for 
public property (HDB) 




tCA  Value of contracts 
awarded for residential 




tCA  Value of contracts 
awarded for residential 
buildings in the public 
sector 
1986Q1-2007Q2 DOS 
GDP Gross domestic 
product (2000 price) 
1975Q1-2007Q2 DOS 
occupiedΔ  Change in occupied 




Appendix C: Policy Summary 
Year Housing & Development Board policy Central Provident Fund Board policy Other policies 
1968 • HDB offered mortgage loans to 
purchasers of new HDB flats of 80% of 
the purchase price, repayable over 5, 
10 or 15 years. The interest rate was 
fixed at 6.25%. 
Introduction of Approved Housing Scheme: 
• Purchasers of public housing were allowed to 
withdraw their CPF savings to pay the 20% 
down payment as well as the monthly mortgage 
installments.  
 
1973   • Foreigners were not allowed to 
purchase residential properties. 
Property tax surcharge was 
introduced. 
1976   • Introduction of Residential Property 
Act: Foreigners were allowed to 
purchase flats in buildings of 6 
levels or more or condominiums.  
1981 • Income ceilings for purchasing a 4-
Room and 5-Room new flat were 
raised to S$3,500 
Introduction of Approved Residential Properties 
Scheme (ARPS) (Jun 1981) 
• Extended the use of CPF savings to purchase of 
private residential property. Members were 
allowed to use 90% of the CPF Ordinary 
account balances and monthly contributions to 
redeem 1 housing loan or to buy 1 residential 
property at any one time. Withdrawals were not 
allowed to exceed 80% of the value of the 
property, which either has to be on freehold 
land or have a remaining lease of at least 75 
years. In the event of sale of the property, the 
amount of CPF savings withdrawn under the 
scheme has to be returned, together with 
interest, to the member’s account, a three-year 
lapse is necessary before the savings could be 
withdrawn again.  
• Supply from URA’s 10th land sale, 
estimated to generate 5,200 units.  
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(continued) 
Year Housing & Development Board policy Central Provident Fund Board policy Other policies 
1982 • Resale levies of 10, 15, 20, 25 and 30 
percent were imposed for 3-, 4-, 5-
Room, Executive and HUDC flats 
respectively. Prior to this, the levy was 
5% for all flat types.  
 • Government Land Sale Program (GLS) 
for residential development was 
suspended. 
1985 • Income ceiling for new HDB flats was 
raised to S$ 4,000, (S$ 6,000 for 
HUDC).  
• Resale levy was waived for 1st flat. 
 
 
Ease of ARPS: 
• Buyers of private properties were 
allowed to use all of their balances and 
monthly contributions in their CPF 
Ordinary account to buy more than one 
private residential property at any one 
time.  
• Time bar to reuse the funds for property 
purchases reduced to 1 year. 
 
• 30% property tax rebate 
1986 • Interest rate of HDB housing loan 
pegged at 0.1 percentage points above 
the CPF savings rate.(with effect from 
Mar 1986) 
• Members were allowed to use their CPF 
savings for the purchase of non-
residential properties.  
• 50% property tax rebate 
1987  • CPF implemented Minimum Sum 
Scheme. 
 
1988  • Buyers of private properties under the 
ARPS were allowed to use their CPF 
savings to finance up to 100% of the 
value of the property at the time of 




Year Housing & Development Board policy Central Provident Fund Board policy Other policies 
1989 • Permanent Residents (PRs) can buy 
resale flats. Income ceilings for resale 
flats were removed. (Sep 1989) 
• Owners of HDB and HUDC flats bought 
on resale market were allowed to use 
their CPF savings to purchase private 
residential properties for investment 
purposes.  
• Owners of private residential properties 
can use their CPF savings to purchase 
resale HDB and HUDC flats for owner-
occupancy. 
 
1991 • Singles above 35 years old can 
purchase 3-Room or smaller resale flats 
outside of Central Area.  
 
• Owners of new HDB flats can invest in 
private property, but they must continue 
to reside in flat. (Oct 1991) 
 • GLS resumed with a quantum of 2,000 
units. 
1992 • Income ceiling was raised to S$7,000  • GLS quantum increased by 500 to 
2,500 units. 
1993 • HDB revised quantum for subsidized 
HDB mortgages from 80% of the 
posted price of the flat as at 1984 
determined by HDB to 80% of market 
valuation or purchase price, whichever 
is lower. (Apr 1993) 
• CPF members can make additional 
withdrawal to service interest payments 
even if the total sum withdrawn exceeds 
the purchase price of the private 
property. (Oct 1993) 
• GLS quantum increased by 500 to 
3,000 units. 
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(continued) 
Year Housing & Development Board policy Central Provident Fund Board policy Other policies 
1994 • Income ceiling was raised to S$8,000. 
• Minimum occupancy period before 
HDB lessees can re-apply for a new flat 
from HDB was raised from 18 months 
to 5 years (with effect from Oct 1994). 
• Under the graded resale levy introduced 
in 1982, a 10% standard premium on 
the 2nd flat purchased from HDB was 
charged if that property is sold in resale 
market. The standard premium was 
doubled to 20% of the selling price of 
the HDB flat. (Oct 1994)  
 
Introduction of CPF Housing Grant 
Scheme:  
• S$ 30,000 grant for eligible 1st timers to 
purchase resale flats within 2 Km of 
parents’ homes. (Oct 1994) 
• GLS quantum increased by 500 to 
4,000 units.  
• GLS of 99 years landed properties was 
introduced.  
• Buyers had to pay 5% booking fees for 
private housing.  
1995 Introduction of Enhanced Contra Facility 
(ECF): 
• It enabled HDB flat owners to sell the 
existing flat and at the same time buy 
another resale HDB flat by using the 
sale proceeds and the refunded CPF 
money. (Jun 1995) 
CPF Housing Grant Scheme:  
• All 1st timers who purchase resale flats 
are eligible for grants, even if they do 
not live near their parents. They get S$ 
40,000 while those near parents get S$ 
50,000 (Jun 1995) 
• GLS quantum increase by 2,000 to 
6,000 units.  
• Buyers had to pay 10% booking fees 
for private housing.  
• Executive Condominium was 
introduced. (Aug 1995) 
1996 • HDB stopped accepting applications for 
executive flats. 
CPF Housing Grant Scheme: 
• Grants extended to 1st timers for 
Executive Condominium. (Aug 1996) 
• GLS quantum increased 6,000 units. 
Sites for 2,100 units of executive 
condominiums were released.  
 
 




Year Housing & Development Board policy Central Provident Fund Board policy Other policies 
   Anti-Speculation measures (May 1996): 
• Gains from the sale of property within 
3 years of purchase would be treated as 
income and taxed at either the 
appropriate individual or company tax 
rate. This applies to all residential 
properties, including HDB resale flats, 
as well as non-residential property. Tax 
would be on 100% of the gains for 
properties sold in the first year after its 
purchase, 2/3 of the gains in the second 
year and 1/3 in the third year.  
• Stamp duty is payable by vendor (in 
addition to buyer) if the sale was 
within 3 years of purchase. Parties pay 
on signing of Sale and Purchase 
agreement instead of completion.  
• Financing is limited to 80% of the 
purchase price or valuation, whichever 
is lower. (80% limit includes funds to 
be withdrawn from the borrower’s CPF 
account.) 
• PR will be limited to one Singapore 
dollar loan each to buy properties for 
owner-occupation only. Foreigners 
who are not PRs and foreign 
companies are not eligible for any 
Singapore dollar loans to buy 
residential properties. 
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Year Housing & Development Board policy Central Provident Fund Board policy Other policies 
1997 • Time bar to re-apply for new HDB 
flats was raised from 5 to 10 years. 
(May 1997) 
 
• Resale levy simplified to graded 
resale levy based on the transacted 
resale price or 90% of the market 
valuation, whichever is higher. Levy 
rates are 20%, 22.5%, 25%, 25% 
for3, 4, 5-Room and Executive flat 
respectively.  
 
HDB housing loan eligibility tightened: 
(Apr 1997) 
• Each person can get a maximum of 2 
subsidized housing loans. 
• Age ceiling of 65 years old and 
maximum term of 30 years.  
• Maximum income of S$8,000 
• Non-owner of private property 




 • Project completion period (PCP) 
extended to 8 years for local 
companies and 2 years for foreign 
companies, subject to the payment of a 
premium of 5% of the land price per 
year of extension. (Nov 1997) 
• Vendors of a private housing unit no 
longer need to pay stamp duty 
surcharge. (Nov 1997). 
• Development charge rates increased. 
(fees unchanged since 1991) 
 
Deferred Payment Scheme: (Oct 1997) 
• Government allowed developers to 
offer to purchasers of uncompleted 
private residential, commercial and 
industrial properties the option to defer 
part of the progress payments due after 




Year Housing & Development Board policy Central Provident Fund Board policy Other policies 
1998  CPF Housing Grant: 
• Grants extended to singles: S$15,000 
under the Single Singapore Citizen 
Scheme. (June 1998) 




• GLS was suspended.  
• The 5% premium for extensions of 
Project Completion Period (PCP) was 
suspended for applications made 
between 1 July 1998 and 31 Dec 1999.  
• Stamp duty deferred for buyers of 
uncompleted properties until the 
property obtains T.O.P. (Temporary 
Occupation Permit)  
1999 Housing Loan tighten: 
• Only upgraders who purchase a larger 
flat than their existing unit were entitled 
to a second subsidized housing 
loan.(Oct 1999) 
CPF Housing Grant cut: 
• Amount of grant gradually reduced to 
S$40,000 near parents, S$30,000 for 
other resale flats buyers and S$11,000 
for single. Executive Condominium 1st 
time buyers get S$30,000 grant. (Grant 
was reduced by S$1,000 per month from 
Jan to Oct 1999) 
 
2000 • HDB owners were required to seek 
approval before booking private 
property even if they have fulfilled the 
5-year time bar. 
 • GLS resumed with a quantum of 6,000 
units for private residential 
developments and 3,000 units for 
Executive Condominium 
developments. 
• Development charge rates increased by 
27% on average for residential land.   
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Year Housing & Development Board policy Central Provident Fund Board policy Other policies 
2001 • Single citizens aged 35 or above can 
buy 3-Room or smaller resale flats in 




 • GLS quantum for private residential 
development reduce to 4000 units 
(including Executive Condominium) 
• GLS introduce Reserved list with 
potential supply of 2300 units (Jun 
2001) 
• Income tax on capital gains is removed 
for sales of properties contracted on or 
after 13 Oct 2001. 
 
Deferred Payment Scheme: 
URA introduced partial deferment of 20% 
down payment for property purchases up 
to the issue of Temporary Occupation 
Permit or any time before that.  
 
 
2002 • For Executive Condominium, a 
minimum 10% of the down payment 
had to be paid in cash, while the 
remaining 10% can be financed by CPF 
funds.  
• Minimum Sum of CPF was raised to 
S$80,000 on 1 July 2003. CPF limited 
CPF withdrawal for housing to 150% of 
the value of property and planned to 
bring the limit down to 120% in equal 
step over 5 years.  
• GLS quantum on Reserved list 
increased up to 1,275 units.  
• Land would only be made available 
through Reserved list only. Till the end 
of 2002, there were 11 residential sites 
on Reserved list with potential supply 
of 4,045 residential units.  
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Year Housing & Development Board policy Central Provident Fund Board policy Other policies 
2003 • HDB ceased providing market rate 
loans to buyers of HDB flats. Flat 
buyers not eligible for HDB’s 
concessionary loans would have to 
obtain market rate loans from banks or 
financial institutions. (Jan 2003) 
• HDB lessees and occupiers who 
fulfilled the requisite occupation 
periods for their flats purchased directly 
from HDB, or from open market with 
CPF Housing Grant, no longer need 
HDB’s prior written consent to invest in 
private residential properties. (May 
2003) 
• Income ceiling for low-income citizen 
households to rent 1 or 2 Room flats 
under Public Rental Scheme was 
revised from S$800 to S$1,500. (Oct 
2003) 
 
 • 2 new sites in Reserved list, till the end 
of 2003, there was potential supply of 
3,245 residential units. (including 755 
Executive Condominium units) 
2004 • HDB flat buyers who obtained 
mortgage loans from banks to finance 
their purchase of flat, had to pay a 
minimum 2% cash down payment, 
computed based on the purchase price 
or current market value of the flat, 
whichever is lower. The cash down 
payment would be phased in over five 







Year Housing & Development Board policy Central Provident Fund Board policy Other policies 
 • Single citizen aged 35 or above were 
allowed to buy any type of resale flats.  
• Income ceiling for the Singles Grant 
and HDB concessionary loan for singles 
was revised from S$8,000 to S$3,000 
per month. Singles could only buy 5-
Room or smaller resale flats to be 
eligible for the Singles Grant and HDB 
concessionary loan. (Sep 2004) 
• Implementation of 4% cash down 
payment for HDB flat buyers taking 
housing loans from banks. 
 • 5 new sites in Reserved list, till the end 
of 2004, there was potential supply of 
2,600 residential units. 
2005 • 2nd time purchaser of a new flat from 
HDB or a resale flat with a CPF 
Housing Grant could apply to buy 
another flat from HDB 5 years after 
taking possession of their first flat 
instead of 10 years. (Mar 2005) 
 
• CPF board allowed members to use 
their CPF savings to purchase private 
residential properties with remaining 
leases of 30 to 60 years (instead of 75 
years). CPF withdrawal limits for the 
purchase of such properties pegged to 
the age of the purchaser and the 
remaining lease of the property. (Jul 
2005) 
 
• 5 new sites in Reserved list, till the end 
of 2005, there was potential supply of 
3,700 residential units 
 
19 July 2005 Announcement by MND of 
housing policy changes: 
• Loan-To-Value limit for housing loans 
was raised from 80% to 90%. This 
applies to both bank-originated and 
HDB housing loans. Minimum cash 
down payment for private residential 
properties was reduced from 10% to 
5%, with the remaining 5% to be paid 








Year Housing & Development Board policy Central Provident Fund Board policy Other policies 
 • HDB reduced the down payment for 
purchase of HDB flats from 20% to 
10% of the purchase price or market 
value (whichever is lower) and raised 
the housing loan ceiling from 80% to 
90% of the purchase price or market 
value (whichever is lower) subject to 
credit assessment and full utilization of 
CPF monies. (Jul 2005) 
• Implementation of 5% cash down 
payment for HDB flat buyers taking 
housing loans from banks. 
• HDB's market interest rate was pegged 
to an Adjustable Rate Mortgage (ARM) 
Index. The ARM Index was computed 
based on the prevailing average of the 
top six commercial banks or financial 
institutions’ non-promotional HDB 
housing loan rates, after discarding the 
highest and lowest rates, and subject to 
the floor of the HDB concessionary 
rate.  
 
• Non-related singles were allowed to 
use their CPF savings to jointly 
purchase HDB flats.  
• Instead of transferring into Ordinary 
Account, Medisave Account (MA) 
contributions in excess of the 
Medisave Contribution Ceiling would 
be transferred into the Special 
Account (SA) for members aged 
below 55 and into the Retirement 
Account (RA) for members aged 55 
and above. (with effect from 1 Jan 
2006) 
• Only CPF savings in the Ordinary 
Account in excess of the Minimum 
Sum cash component can be used for 
purchase of 2nd and subsequent 
properties if they undertake to sell 
their existing property within 6 
months from the purchase of the 
second property. For the 2nd and 
subsequent properties, the amount of 
CPF savings that can be used for their 
purchase is capped at 100% of the 




• Residential property was again 
included in the Economic 
Development Board’s Global Investor 
Programme (GIP). In this programme, 
a foreigner can be considered for PR 
status if he invests at least S$2 million 
in business set-ups, other investment 
vehicles such as venture capital funds, 
foundations or trusts, and/or private 
residential properties. Up to 50% of the 
investment can be in private residential 
property. (Private Residential property 
was removed from GIP in May 1996.) 
• Foreigners can purchase apartments in 
non-condominium developments of 
less than 6 levels without the need to 






Year Housing & Development Board policy Central Provident Fund Board policy Other policies 
2006 • Resale levy was revised to be a fixed 
amount, pegged to the flat type of the 
first subsidized flat. The levy is payable 
when the 2nd time purchaser buys 
another subsidized flat from HDB. It 
has to be paid in cash to ensure 
financial prudence. Resale levy is 
S$15,000, S$30,000, S$40,000, 
S$45,000, S$50,000 for 2-, 3-, 4-, 5-
Room and Executive flat respectively. 
(Mar 2006) 
Additional CPF Housing Grant: 
• An additional housing subsidy of 
between S$5,000 and S$20,000 in the 
form of the Additional CPF Housing 
Grant would be given to 1st Timer low-
income Singapore Citizen households 
with household incomes not exceeding 
S$3,000 per month, and with at least one 
buyer who had worked continuously for 
at least 2 years.  
• 6 new sites in Reserved list, till the end 
of 2006, there was potential supply of 
4,670 residential units. 
2007  Enhanced Additional CPF Housing Grant: 
• Income ceiling was raised to S$4,000 
per month, and the maximum was raised 
to S$ 30,000.  
GLS: 
• 1st half of 2007, 2 residential sites were 
put on confirmed list, estimated to be 
275 units, and 2 residential sites were 
put on Reserved list, with potential 
supply up to 4,270 units.  
• 2nd half of 2007, 8 residential sites 
were put on confirmed list, estimated 
to be 2,579 units, 5 residential sites 
were put on Reserved list, with 
potential supply up to 4,505 units.  
 
Deferred Payment Scheme: 
• Government withdrew Deferred 
Payment Scheme for the sale of 
uncompleted private residential, 
commercial and industrial properties 
with effect from 26 Oct 2007.   
Source: various, Redas(www.redas.com), Phang (1992), Bardhan et. al. (2003) 
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